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Preface 



There is much excitement about the use of microcomputers in ele- 
mentary schools. It is precisely now, while parents, school boards, 
teachers, and students are so excited, that we should begin the long 
process of thinking deeply about how to integrate microcomputers 
into the elementary school curriculum. In most schools, microcom- 
puters are an "add-on" to the regular instruction. There is a serious 
risk that the extra burden this approach involves may turn off both 
teachers and students to the potential that microcomputers have for 
improving learning. To counter this risk, we must begin to integrate 
microcomputers into the regular instructional program of elementary 
schools. 

The topics addressed in this book are, I believe, the most important 
ones to include in any dialogue on integrating microcomputers into 
instruction. At the same time, beginning computer users will f nd the 
tcpics accessible; the discussions about instructional uses of computers 
are centered around learning objectives that are common to most 
elementary schools. Microcomputers ultimately will be accepted into 
schools only if learning is improved as a result of their use, so dialogue 
should focus mainly on the contribution that computers can make to 
learning. 

The primary intended audience for this book is elementary school 
teachers who have some experience with microcomputers, either 
through personal use or through watching others use them. No par- 
ticular expertise is assumed, however. Secondary, but very important, 
audiences are curriculum and instructional coordinators, workshop 
leaders, school administrators and planners, and school board mem- 
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bers. Each of these groups will find information that may help them 
plan appropriate uses of microcomputers in elementary schools. 

In the best of all possible worlds, this book would be read in the 
presence of a microcomputer with lots of instructional software. There 
is no substitute for hands-on experience with a computer. The illus- 
trations in the book can give only a weak impression of the dynamics 
of using instructional software. Simulations and word processing soft- 
ware are especially difficult to portray accurately through pictures. 
However, if a computer with lots of software is not regularly available, 
a few minutes of "play time" on a computer would be ver\' beneficial. 
Even that limited exposure will help make the concepts come alive. 

My bias on the use of computers in elementary schools is that 
computer-assisted instruction (e.g., drill and practice programs, sim- 
ulations) will for a long time be a very important application of 
computers in elementary schools. Over the next decade, use of utility 
programs (e.g., word processing, data base) will probably come to 
rival computer-assisted instruction in importance. Utility programs 
extend our mental abilities, and let both children and adults do old 
things in difterent and more efficient ways as well as do new things 
that would otherwise not be possible. But it will take time to learn 
how best to stretch children in these directions. 

Programming probably will decline in importance fr r elementary 
school students in this same period,just as it will decline in importance 
for adults in the "real" world. Most applications of comput.-rs are 
becoming "friendlier," with less need for the user to know the intri- 
cacies of the program that drives the application. 

Unlike other educational innovations, computers are in schools 
partly because parents and students insist that they be. Because of 
these pressures, computers are not going to be a fad that is here today 
and gone tomorrow; they are going to remain a part of the teaching 
environment from now on. Hopefully, this book will help some teach- 
ers lec rn better how to cope and how to use microcomputers cftectively 
to improve the learning of their students. 



George W. Bright 



Introduction to i 
Computer Education 



Computer education has become one of the most frequently discussed 
topics in education today. Its importance lies in the already pervasive 
and rapidly expanding role that computers play in our everyday lives. 
Over the past few years pressures have been rapidly mounting from 
many sources for schools to participate actively in the computerization 
of society — from parents who want their children to be able to cope 
with modern technology, from businesses who hire graduates into 
work environments that are becoming rapidly computerized, from 
colleges and universities who demand more and more sophisticated 
skills of high school graduates, and, probably most important, from 
the students themselves who have become computer- oriented almost 
as a birthright. 

The ways that various schools and school districts have responded 
to these demands shew that there is no clearly articulated policy about 
computer use in the curriculum. Too often the response has been a 
rush to acquire equipment without a concurrent careful examination 
of how that equipment might best be used. On the surface this seems 
to be analogous to other fads that have previously been enthusiastically 
embraced by educators. However, on second glance there is an Im- 
portant difference. The impetus for this move is primarily from out- 
side the typical education establishment; pressures are tending to grow 
rather than diminish, in spite of increased activity by schools to as- 
similate computers into existing programs. 

1 
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Introductioii to Computer Education 



This book is an attempt to discuss the most important applications 
of computers in elementary schools so that both preservice and in- 
j;ervicc teachers are prepared to discuss the important issues of com- 
puter education. It is critical that teachers have substantial input to 
whatever decisions schools make about the use of computers in 
schoois, for it is the teachers who must ultimately implement any 
plan of actio! i. Teachers must be at the same time enthusiastic and 
skeptical about the use of computers. Computer disciples would have 
us believe that computers alone can solve most of the problems of 
modern education, while computer skeptic^ decry co.nputerization 
as merely another fad that will in time pass. Neither view is accurate; 
but until leachers have adequate information about the possibilities 
inherent in computers, they will b- unable either to counter these 
positions or to provide thoughtful alternatives. 



UNDERSTANDING THE 
COMPUTER AGE 

At the outset it is important to have both conceptual and functional 
understandings of a computer. Conceptually a computer is an elec- 
tronic deface (e.g., a "black box") that can accept, manipulate, and 
communicate information. One analogy is that of a learner; a learner 
accepts information through reading or listening or watching, ma- 
nipulates that information by relating it to other information s/he 
knows anc storing it in long-term memory, and then communicates 
that information through exams or discussions or behavior. One major 
flaw in this analogy, however, is that we know very little about the 
process of manipulation of information in the learner's mind. In a 
computer the manipulation is through a computer program that can 
be studied in detail by anyone who wants to find out how the ma- 
nipulation is being done. 

A computer might also be viewed as a fancy calculator, for a 
calculator performs all of the same functions. Again, however, the 
analogy tends to break down because a computer has capabilities that 
a calculator cannot encompass. The information that is given to a 
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computer can be in the form of numbers or text or in electronic pulses 
from game paddles, light pens, or a variety of other fancy devices. It 
is expected that soon many computers will even be able to accept 
voice input; the user will only have to talk to the machine. The output 
of information from a computer can also take almost al! of these 
forms. The same computers that recognize voice input will almost 
certainly also have voice production capabilities, so the machine will 
be able to talk to the user as well as display information on a monitor 
screen. 

The types of manipulations inside a computer are almost unlim- 
ited; the imagination of the programmer is the only real restriction. 
Too, the speed of manipulation is far greater than that of a calculator. 
In large computers several million operations per second can be per- 
formed, and even in mi'^rocomputers several thousand operations per 
second are common. The memory available in a computer is also 
much larger than in a calculator, oftentimes the equivalent of 
hundreds of thousands of characters. Perfect recall of such vast quan- 
tities of information gives computers a distinct advantage over many 
humans. 

Functional understanding of a computer only comes through 
hands-on use. Of course, a computer can be used for programming; 
but probably equally important, it can be used as a tool to do such 
things as word processing, keeping records, and searching a data base 
for particular information. Obviously the printed book cannot provide 
hands-on experience; the reader will have to acquire that elsewhere. 
Access to a computer would be au excellent accompaniment to reading 
this book. However, this book illustrates information displays that are 
generated by these kinds of uses. These illustrations will give some 
feel for computer uses. 



WHY ARE COMPUTERS 
IMPORTANT? 

Computers are important primarily because they extend the intellec- 
tual capabilities of humans First, computers can perform repetitive 
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tasks (e.g., print form letters or payroll checks by the thousands) moie 
accurately and with much less expense, both monetarily and in pf r- 
sonal exhaustion, than humans. This capability extends humans abil- 
ities to deal with the world; indeed, the existence of large institutions, 
like schools, businesses, or cities, often requires that many people get 
similar, but nonetheless individualized, information. Computers can 
help provide this information. 

Second, computers can remember and manipulate enormous 
quantities of information. This capability expands both the quantity 
and the accuracy of memory in humans and potentially makes de- 
cisions better. Some futurists have estimated that by the end of the 
century' the amount of information in the world will double about 
every one and one-half years. This means that by the time an entering 
first-grader leaves grade six, the amount of information in the world 
will be sixteen times as great as when s/he began school, and by the 
time s/he graduates from high school, the amount of knowledge in 
the world will be 256 times as great as when s/he entered first gi-ade! 
There is no hope for mere humans to be able to keep up! Computers 
'Adll help by enabling people to locate information relevant to a par- 
ticular question. Computers will do the "leg work" to narrow the field 
of vision on a given topic. 

Third, as more is learned about how people make decisions and 
about how to write computer programs to' model those decision- 
making processes, computers will be able, and almost certainly al- 
lowed, to make some decisions. This will relieve humans from some 
of the tedium of their lives and will allow them to concentrate on 
more important decisions. For example, in the summer of 1984 a 
computer made a decision to abort a U.S. space shuttle mission; this 
decision was made only four seconds prior to lift-off. The computer 
actually shut down the rocket engines without even asking the human 
controllers. Certainly one reason the computer was given this power 
is that the computer can receive information about a malfunction, 
process that information, and make a decision about how to act on 
that information in only a split second— far faster than a human could. 
But probably equally important is that the computer always interprets 
the information in the same way; there is never any idiosvncratic bias. 
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Different humans might interpret the importance of a malfunction 
differently because they were tired or angry or depressed. When lives 
are at stake, such as in a space mission, it is comforting to know that 
important decisions can at least partially be regulated by unbiased 
and consistent decision processes. 

There is a belief that computers are suddenly appearing all around 
us in new applications. That is not true. What is true is that with the 
increase in miniaturization of computer technology^ people are sud- 
denly aware of the many uses of computers. Computers are already 
part of automobiles and most major appliances that are now man- 
ufactured. With advances in voice recognition and synthesization, peo- 
ple will be able to talk to these machines and get answers from them. 
For example, when a car is started, it will be able to perform diag- 
nostics on its systems and tell the driver when one of the major 
systems, like the brakes, needs to be fixed. 

The trend toward the infusion of computers into more aspects of 
our lives is not likely to enc soon. Simply coping with the world — for 
example, the information explosion — will require an ever expanding 
role for computers. As a consequence, it may become less important 
for students to learn specific content than to learn how to v'eal with 
information. That means that exposure to computer capabilities and 
limitations is vital for every educated citizen. The schools must play 
a primary role in providing this exposure, and this means -n turn that 
teachers must acquire that knowledge as soon as possible. This book 
will help some begin that journey. 

Bimbaum (1985) notes that computer use is in the third of four evo- 
lutionary stages for technologies: (a) experimental rarity, (b) exotic tool or 
toy, (c) quantity manufaciuring, but used by only a small part of the pop- 
ulation, and (d) absence more noticeable than presence. Further, more 
and more people are now focusing on the development of human re- 
sources through computers rather than on the cost of obtaining the 
needed computer power. This signals the entry to the fourth stage. Con- 
currently, software will need to be created that extends people's capabili- 
ties instead of trying to make people fit software's limitations. Building 
computer use into the schools iri wayt that £ire consistent with the fourth 
stage is the biggest educational challenge today. 
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WHY ARE COMPUTERS 
IMPORTANT IN THE 
CLASSROOM? 

As with most innovations in education, there has been much specu- 
lation about whether computers will soon take over the jobs of teach- 
ers. Certainly they will not, though the roles that teachers play will 
change somewhat. 

During the late 1960s, when computer-assisted instruction was 
first being implemented on large mainframe computer systems, it 
was predicted that teachers would become an endangered species 
Claims were made that computers could perform most of the teachers' 
functions better and ultimately for less cost. That prediction ,vas far 
off the mark; in fact, neither part of it has proven to be the case 
Some low-level, repetitive tasks like drill and practice can certainly 
be performed better and cheaper by computers, but the overall job 
of a teacher cannot. Now most educators have recognized that the 
appropriate concern is to identify the parts of teaching that can best 
be performed by computers. 

Mitzel (1981) focused on one of these roles: computers can and 
should help educators adapt instruction to each learner. Five ways he 
listed to do this are to provide instruction (a) at a self-determined 
pace, (b) at times convenient to the learner, (c) at a point when 
prerequisites are in place, (d) by first diagnosing and then remediating 
the learner's difficulties, ana (e) with multiple media (pp. 94-95) 
Each of these ways can be incorporated into computer-delivered in- 
struction, but only with intentional effort. 

A second role is to teach new concepts with computer technology 
that could not be taught without it. One such concept is computer 
programming; no one can adequately learn to program without 
hands-on experience with a computer. Another such concept is data- 
base searching; the time required to search multiple data bases by 
hand is becoming prohibitive. 

Probably equally important is identifying changes in the standard 
curriculum that will be required as computers are incorporated into 
the teaching of everything from art to zoology. Some reorganization 
of traditional curriculum practices is inevitable in order to take ad- 
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vantage of the capabilities of the new technology. For example, in 
social studies the concepts that are likely to survive computerization 
are those that help people organize and interpret information. Iden- 
tifying historical precedents is likely to be far more useful to peoj)le 
than remembering details about historical events. Such general con 
cepts have always been important, of course, but in many ways their 
application depended on remembering information tha t could be used 
as the raw material for generating a statement of historical precedent. 
Now the computer can be used as the memory device for this infor- 
mation, and people can focus on asking the right questions of the 
machine to get the relevant information out of that memory. 



COMPUTER LITERACY 

One of the reasons that computers are being introduced in so many 
elementary school classrooms is so that the schools can begin to pro- 
vide the conceptual and functional understanding of computers to 
students. This typically goes under the rubric of computer literacy, 
though that term can have many different definitions. It is often 
impossible for schools to adopt a definition that will satisfy all of the 
external pressure groups, and indeed it is often because of outside 
pressure that a computer literacy curriculum is developed. Parents, 
business persons, or indeed the students themselves may believe that 
without such a curriculum a school is automatically deficient. 

Although computer literacy is an important topic for schools to 
consider, one of the goals of this book is to put that topic into an 
overall perspective on computer education. Computer literacy is not 
the only important thing that computers can be used for in schools; 
it should share with other priorities the often-scarce computer facil- 
ities that are available. It is also likely to be important for only a 
relatively brief time, say a few years, until most teachers become 
equipped to deal with computers in the context of teaching other 
content. 

Computer literacy is important for students primarily because of 
their need to deal with computerization in everyday life. So many 
aspects of life will involve the use of computers tha t it will soon become 
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impossible to understand fully whet is going on without some fa- 
miliarity with computers. Schools, while they should not be expected 
to make experts out of their students, should be expected to provide 
exposure to the relevant concepts. 



TYPES OF COMPUTER- 
ASSISTED INSTRUCTION 

One of the first encounters that many people have with computers is 
through commercially prepared software. Instructional software of 
this kind is referred to as computer-assisted instruction (CAI), and it 
may be of several types. 

Drill and practice CAI is the computer analogy to worksheets. 
Exercises of one type are provided repeatedly so that the learner can 
gain adequate practice to overlearn the content. Usually after each 
response the learner is given feedback on the correctness of that re- 
sponse. This type of CAI is relatively easy to write, and consequently 
most of the early commercial packages were in this mode. The primary 
advantage over noncomputer worksheets is that feedback is provided 
after each response, so a student does not repeatedly practice an 
incorrect procedure before learning that it is incorrect. Dril and prac- 
tice CAI, however, does not take advantage of many of the unique 
capabilities of the computer. 

Tutorial CAI is analogous to teacher presentation of material, 
either for a whole class or a small group. Tutorials are usually difficult 
to program, since they must account for a wide variety of student 
responses to every question. Early in the learning of new content, 
students often seem to have acquired bizarre variations of what was' 
intended to be taught. Tutorial CAI must seem to be as intelligent as 
a teacher in responding to and correcting those incorrect fii^t 
impressions. 

Simulation CAI models simplified versions of real-world events. 
Their primary use is to allow students to make decisions about those 
events without having to live with the perhaps disastrous consequences 
of those decisions. These are roughly analogous to role-playing in 
noncomputer settings; students can pretend to be heads of corpora- 
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tions, leaders of nations, managers of wildlife reserves, or even ele- 
ments in a chemical reaction. 

CAI games overlap all of these categories, for any of them could 
be cast in the context of a game. The most common type of instruc- 
tional CAI game is drill and practice game; this is like regular drill 
and practice, except that feedback is typically not explicitly provided 
for each response that the student makes. Rather, success at winning 
the game becomes the criterion of understanding of the content. Tu- 
torials or simulations can also be cast as games, though it sometimes 
becomes difficult to know how well wimiing actually reflects under- 
standing of the content rather than understanding of how to win. 
Sometimes the strategies for winning such a game are not well 
grounded in the content intended to be the taught. 

All types of CAI have analogies in noncomputer classroom in- 
struction. Transfer of a particular instructional technique to computer 
format, however, does not carry with it a guarantee that the computer 
version will be equally effective. There are many unanswered questions 
about the ways that students interact both with computers and with 
the information presented on a monitor screen. Until careful research 
is completed to begin to answer these questions, teachers should be 
skeptical about claims of the effectiveness of CAI, especially when 
those claims are based on the noncomputer versions of similar 
techniques. 

TEACHING PROGRAMMING IN 
ELEMENTARY SCHOOL 

As mentioned earlier, one of the obvious things that can be taught 
with computers is programming. But just because it can be taught 
does not mean it should be, especially in elementary school. As a 
school begins to develop a definition for computer literacy, it is almost 
automatic that programming be discussed; and indeed, understand- 
ing adequately the capabilities and limitations of computers seems 
to be easier after some experience in programming. Consequently, it 
is probably important and appropriate for all students and teachers 
to have a chance to learn some programming skills. But determining 
the amount of exposure to programming is difficult. 
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Programming can be taught as a foreign language (after all, it 
has a grammar and syntax all its own), and experience has shown 
that young students learn a foreign language easier than older stu- 
dents. Thus, initial exposure to programming might best come during 
the elementary school years. However, the goals for such instruction 
should be relatively limited. Certainly, there should be no expectation 
of making students into sophistirated programmers. 

The choice of programming environment is also probably critical 
for the success of such instruction. One very desirable goal is to help 
students develop an understanding of algorithms and of problem 
solving through breaking a big problem into smaller chunks. A lan- 
guage such as Logo is designed to facilitate this process as much as 
possible, while a language such as BASIC is not so easily bent to this 
goal. As with any instruction, the technique must match the goal in 
order for the instruction to be effective. 

OTHER USES OF COMPUTERS 

There are many other ways that teachers can use computers to im- 
prove teaching effectiveness. Computers can keep records, print out 
worksheets and tests, help write reports through spreadsheet pro- 
grams and word-processing programs, and manage students in con- 
tinuous progress programs. These functions are related to, but are 
distinct from, the CAI uses discussed ei^. Those who are putting 
pressure on educators to bring computers into the schools might not 
see the importance of these applications, for they often seem not to 
have immediate consequences for instruction in the classroom. How- 
ever, they may prove to be some of the most important educational 
applications; it is through these that teachers will develop a sensitivity 
for computerization in the worid around us. Passing on this sensitivity 
to students may be the best public service that teachers can perform. 

Before schools or parents rush into purchase of microcomputers 
for use by elementary school students, they should consider the con- 
cerns and recommendations of Chaffee (1982). 

1. One computer in a school generally does not produce a 
significant experience for students. 
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2. Without adequate training of teachers in computer use, 
students will not learn the potential of computers. 

3. Students who have access to computers at home generally 
become more expert than teachers who have no computer 
experience. 

4. Etetermining both immediate and future goals for com- 
puter use in a school may cake as long as a year. In all 
cases, it takes longer than expected. 

5. Many questions need to be considered: 

a. What' are the purposes of computer use in the school? 

b. Who will monitor the instruction on computer use? 

c. Who will identify software to be Msed? How will current 
information on software be acquired and maintained? 

d. How will evaluation of software and of the effectiveness 
of software be done? 

e. How will teacher education be supported? 

f. Who will be in charge of equipment? 

g. Where will equipment be housed? What kind of security 
will be used? 

h. Who will schedule use of equipment and resolve conflicts 
in its use? 

i. Is the electrical system of the school capable of sup- 
porting computer equipment throughout the building? 

j. How will repairs be handled? (pp. 17, 76) 

Focusing on these concerns will increase the likelihood of a successful 
implementation of computer use in any school. Laying the proper 
foundation for computer use is vital to avoid unrealistic expectations 
by teachers, parents, and students. 



AS YOU READ ON 

Please keep in mind that this book was written to provide a context 
for computer education. None of the topics is covered to exhaustion, 
and many questions will be left unanswered. Indeed many questions 
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are at this time unanswerable. It is primarily through our collective 
experience with the use of computers in the schools that we will begin 
even to imagine what the answers might be. Hopefully, however, this 
book will provide a sound foundation for further learning. 
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Historically many of th j objectives of instruction in elementary school 
have centered on skill and concept learning which requires drill and 
practice for mastery. Although there is a trend toward expansion of 
those objectives to include goals like problem solving, there will cer- 
tainly continue to be a need for students to engage in drill and practice 
activities. Virtually all such activities can be adapted to computer- 
assisted instruction (CAI) as one of the primaiy modes of presentation. 



The term "drill and practice" refers to any situation in which the same 
kind of exercise or problem is presented repeatedly and for which 
students are typically expected to provide a single correct response. 
For example, students might be asked to write the plural of each word 
in a list of nouns, to match musical pitches, or to estimate the product 
of two two-d^gU numbers. In the last example, there may be a range 
of answers that can be considered correct, but usually there is only 
one correct answer for each exercise. 

One of the standard ways to provide drill and practice is through 
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worksheets, which might be prepared by the teacher for a particular 
purpose or which might be provided along with a curriculum pro- 
gram. One significant disadvantage of worksheets is that the student 
may complete an entire set of exercises incorrectly and rehearse in- 
correct procedures repeatedly before any feedback is provided by the 
teacher (or an answer key) on the accuracy or inaccuracy of those 
procedures. Incorrect procedures, if they are rehearsed with the belief 
that they are correct, may become embedded so deeply in cognition 
that it becomes extremely difficult to unlearn them and to relearn 
correct procedures. 

Drill and practice CAI goes a long way toward alleviating this 
deficiency. It can provide immediate feedback after each exercise to 
indicate whether the result of the student's procedure is correct. Stu- 
dents thvi are given clues about the accuracy of their procedures. 
These are, however, only clues about the procedures. The feedback is 
an evaluation of the answers, not necessarily of ihe processes used to 
obtain those answers. 

Beyond this very simple use of the computer's capabilities, drill 
and practice CAI can also include diagnosis of a student's difficulties, 
can provide remediation for those difficulties, and can select for extra 
practice thost exercises that cause particular difficulty for an individ- 
ual student. More will be said in Chapter 6 about diagnosis. For now, 
it only needs to be pointed out that remediation can then be tailored 
to fit the difficulty, or combination of difficulties, that a j articular 
student is experiencing. 

The capacity to select for extra repetition the exeicises that are 
causing difficulty is one that probably has not received enough atten- 
tion by authors of drill and practice CAI. A program can easily keep 
track of how many times each exercise is answered correctly or in- 
correctly. Each incorrect response could increase the probability that 
this exercise will be presented again. For example, in a drill and 
practice program on multiplication basic facts, the sevens and eights 
facts typically cav e the most difficulty. However, for some children 
the zero facts are also frequently answered incorrectly, apparently due 
to confusion with addition facts. A drill and practice program can 
identify those particular facts that an individual student is having 
difficulty with and present those facts more frequently. Keeping rec- 
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ords for each child individually means that the time spent on skills 
that are akeady mastered is kept to a minimum. A worksheet ap- 
proach to drill end practice must repeat the facts that children col- 
lectively miss rather than only those facts that a particular individual 
is having difficulty with. Collective repetition will be inefficient for 
some of the students. 

CONTENT OF DRILL AND 
PRACTICE CAI 

Drill and practice CAI programs should deal only with exercises that 
can be responded to quickly and with little work required away from 
the computer. For example, a CAI drill and practice program on two- 
digit by three-digit multiplication would be inappropriate if only the 
final product were to be typed in at the keyboard. Considerable work 
on paper would be required before the answer could be typed in, so 
the computer would spend most of its time sitting idle and waiting 
for the student to compute the product. Although there might be an 
advantage in having the compute.* diagnose errors in such a compli- 
cated skill as this, CAI programs that drill subskills would be a con- 
siderably more efficient use of available computers than drill on the 
full skill. 

Complex skills, however, can be incorporated into drill and prac- 
tice CAI through the use of the computer as a tool for completing 
some parts of the skill. For example, multiplication of decimal frac- 
tions could be practiced by having the program display an exercise 
along with the product of the two factors as if there were no decimal 
point in either one. The studen" could then be asked to identify where 
the decimal point should be placed. At the point in the curriculum 
in which this skill is practiced, textbooks frequently assume that mul- 
tiplication of whole numbers is not going to be a difficulty. Rather 
the placement of the decimal point is more frequently the focus of 
attention. Whether this assumption is correct varies from class to class, 
but the use of the computer to perform the multiplication puts the 
emphasis on the new material to be learned. Follow-up exercises could 
be employed to determine if more practice is needed with multipli- 
cation of whole numbers. 
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BAD AND GOOD FEATURES OF 
DIULL AND PRACTICE CAI 

The most frequent deficiency with drill and practice CAI is that too 
many extraneous gimmicks are employed. For example, the feedback 
for a correct response may be a "smiley face" drawn on the screen or 
a tune played for several seconds. As one-time feedback devices, these 
are undoubtedly very effective; but as devices to be used tens of times 
with each student, they become quite distracting and time-consuming. 
Too, they may hold the child's attention during the use of the program 
and inhibit attention from being focused on the content to be learned. 

Another undesirable feature of drill and practice CAI programs 
is that wrong answers sometimes produce more elaborate feedback 
than correct responses. For example, in some versions of Hangman 
the graphics display for the "hanged" m?n is more interesting to 
students than the simple "correct" response presented for spelling the 
'^rd correctly. Many children intentionally misspell words just so 
that they can see the fancy graphics. 

Even a simple noise that is given as feedback for responses can 
be quite disconcerting even if the program is used by only a few 
students at a time in the back of the room. That noise can cause 
disruption of other activities that are going on in the classroom, and 
other students may not be able to concentrate on those activities. At 
the very least every program should give the teacher the option of 
turning the sound off. 

Many of the commercial drill and practice programs also involve 
gamelike situations that expose childrei^ to imaginary violence that 
would not be used in a standard worksheet situation. For example, 
there might be an alligator eating fish or a space creature shooting 
at monsters. Whether repeated exposure to these situations causes any 
long-term effects on the ways in which children perceive the world 
around them is not known. However, the possibility certainly exists, 
and at the very least schools should probably get a fpeling from parents 
of whether the fantasy situations provided in such drill and practice 
programs are acceptable. 

Good features of drill and practice CAI programs include the use 
of a variety of feedback responses for both correct and incorrect an- 
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swers. For example, short positive phrases could be randomly selected 
by the program for use after each correct response. After an incorrect 
answer the student should have an opportunity to respond again, as 
the first response may have merely been mistyped. The number of 
tries allowed before the correct answer (or corrective remediation) is 
given is an instructional decision made by the program designer. It 
is related to the kind of content involved, the age of the intended 
audience, and the importance of the content to the elementary school 
program. The designer's decision may not be the same as a particular 
classroom teacher's preference, and the congruence between these 
two outlooks may be critical in the decision of whether to use a 
particular program in a particular elementary school setting. 

Another desirable feature of drill and practice CAI is a large pool 
of exercises from which particular ones are selected. If the pool is too 
small, students may begin to recognize particular exercises and to 
remember the answers to those exercises. This obviously defeats the 
purpose of drill and practice, except for specialized areas in which 
there really are only a fev/ possible exercises to practice. 

There are many commercial examples of drill and practice CAI. 
In fact, much of the current educational software could be classed as 
drill and practice CAI. As with text material, the quality of this soft- 
ware is quite variable. Most of it does not take advantage of the positive 
things that microcomputers can do to enhance learning. Rather, most 
software could be described as electronic worksheets whose only ad- 
vantage is in providing immediate feedback for each response. 



DRILL AND PRACTICE IN 
PRIMARY GRADES 

Drill and practice CAI in the primary grades should probably be used 
only in small doses, spread over an extended period of time. Although 
students seem to be very motivated by the use of microcomputers in 
the classroom, these machines have not been in use long enough for 
anyone to know what the saturation level is. That is, how soon will 
these same students grow tired of the new technology? And equipment 
is generally still scarce, so short sessions with drill and practice CAI 



18 



Drill and Practice Programs 



will help give access to these resources to as many students as possible. 
It is undoubtedly unrealistic to expect that classroom sets of micro- 
computers will soon be available as standard equipment in an ele- 
mentary school classroom. 

Drill and practice CAI should not be used to replace other instruc- 
tion; drill and practice in any of its forms cannot, and is not expected 
to, do that. But this type of CAI can put some variety in the repertoire 
of techniques that a teacher has available to use. Such variety may 
even enhance the effectiveness of standard drill and practice activities, 
just because they will not be used as frequently and will have the 
advantage of novelty. 

Two very important characteristics of drill and practice CAI for 
primary grades are appropriate reading levels and simple input pro- 
cedures. A program to drill writing the past tense of verbs cannot be 
used if the instructions for the program use vocabulary that even a 
sixth-grader would not understand. Because primary-grade children 
cannot be expected to have well-developed keyboard skills, a program 
should accept inputs with only a few keystrokes (preferably only one). 

Some examples of appropriate content for drill and practice pro- 
grams for primary-grade students are color recognition, word- 
numeral associations, arithmetic basic facts, simple grammar skills, 
shape names, plurals, and rhyming words. Every response should 
receive some simple feedback, and reinforcement should be given at 
the conclusion of the program. 

Some sample screens from a drill and practice program on ad- 
dition facts are given in Figure 2.1 (MECC, 1983). (Please keep in 
mind, both here and for later illustrations, that no printed document 
can quite capture the full impact of the visual images provided by 
CAI. Some imagination is required from the reader in order to visualize 
the "flow" of information from one screen to the next.) Reinforcement 
is given through drawing parts of an airplane in response to correct 
answers. The exercises ask not only for missing sums, such as in screen 
3, but i.lso for missing addends, such as in screens 2 and 4. 

The best advice on drill and practice CAI for primary grades is, 
"Keep it simple!" Use this CAI to provide some variety in instruction, 
but don't expect too much from it. Other uses of computers (for 
example, teaching programming) should not be squeezed out to make 
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Figure 2.1 Arithmetic dnil screens 
From MECC, Early Addition, page 12. 



room for drill and practice GAI. This CAI is only one of the appropriate 
uses that can and should be made of microcomputers in the primary 
grades. 



DRILL AND PRACTICE IN 
INTERMEDIATE GRADES 

More complex skills can be drilled in the intermediate grades. The 
feedback provided after each exercise, however, should still be kept 
simple. Summary feedback (for example, the percentage of correct 
responses) can be provided ai the end of each session, and students 
can be asked to keep personal records of their progress. Intermediate- 
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grade students can be assumed to have, or can develop, better key- 
board skills than primary-grade students Less care, though certainly 
some care, must be given to keep the instructions and the input 
procedures simple. 

This CAI can be used to provide relearning or review for students 
who have been absent, to provide extra practice for students who 
haven't yet learned a particular skill, or for some simple remediation 
for students who are having difficulty learning a skill. All students, 
however, should be given opportunities to use this CAI; students 
should not perceive this drill as just for the "dummies." 

Figure 2.2 shows screen displays from a language arts program 
(MECC, 1980a). In this program students are to practice use of pre- 
fixes. The cycle of events is simple: an exercise is presented, the re- 
sponse from the student is accepted, and feedback is provided. The 
exercises range over checking for meaning of a prefix, writing a word 
containing that prefix, and using the prefix in context. At the end of 
the program, summary information is provided. Figure 2.3 shows 
screen displays from a review lesson tor five prefixes. At the end of 
this review, summary information is again provided. 

Any program with only the capabilities of this one would be 
especially useful for students who are having repeated difficulty with 
prefixes. It is too simple for anyone who has essentially mastered the 
skill, though it would relieve the teacher from having to monitor the 
practice of a student. Drill and practice programs should provide 
summary information both to the student and to the teacher about 
the success rate of the user. Without this information the teacher 
would have to rely on additional testing to determine whether the 
student had adequately learned the material. 

Figure 2.4 provides displays for a program with similar goals for 
learning; that is, memorization of particular facts (MECC, 1980b). 
This program drills the state names and the state capital names. Of 
particular note about this program is its use of graphics. Instead of 
relying on only textual presentations, it gives a visual display that is 
more powerful. For example, in this way the state name could be 
asked before the capital name. 

Two kinds of memorization are required for success with this 
program. First, the student must pair the state name with the picture 
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Figure 2Ji Language arts dnll screens 
From NiECC, Elementary y Volume 5, pages 34, 35 
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Figure 23 Language arts review and summary findings screens 
From MECC, Elementary, Volume 5, pages 45-46. 
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Figure 2.4 Geography drill 

From MECC, Social Studies, Volume 2, pages 93-94. 

of that state. Second, the name of the capital of the state must be 
paired with tne name of the state. The multiple modes of represen- 
tation of information (pictures and words) may use both hemispheres 
of the brain, and success with the two modes may be different. It 
should not be expected that students who are successful with the first 
kind will necessarily be successful with the second kind. Recognizing 
differences like this will become increasingly important for teachers 
who use sofhvare that employs more modes of representation of in- 
formation (e.g., pictures, text, sound) than can be presented in text 
material. 

Feedback in drill and practice programs does not have to be merely 
right or wrong. In some programs a score is kept, with the number 
of points awarded for correct answers differing according to the form 
of the answer. In dealing with common fractions, for example, more 
points could be given if the answer is reduced to lowest terms than 
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if the answer is correct but not reduced. Irx this way positive feedback 
is given for every correct answer (a very desirable trait), but the reward 
is greater for use of a more efficient form. 



RESEARCH ON DRILL AND 
PRACTICE CAI 

Much of the research that has been done on CAI has deaU with drill 
and practice programs. Most frequently, the results have been that 
students learn about the same amount of material through CAI as 
throMgh conventional instruction but that this learning is achieved 
either in less time or at a faster rate wdth CAI (e.g., Bracey, 1982 ; 
Cody, 1973; Edwards, Norton, Taylor, Weiss, and Van Dusseldorp, 
1975; Jamison, Suppes, and Wells, 1974; Kulik, Kulik, and Cohen, 1980; 
Overton, 1981; Thomas, 1979). 

The studies in which this result has been observed span elementary 
school through college and cover content as diverse as mathematics, 
typewriting, and identification of handicapped students. Most of the 
studies, however, have been conducted with secondary school students 
and with science-oriented content, though newer research tends to be 
conducted with younger students. Most of the studies have also dealt 
with fairly large pieces of content, such as a whole unit, rather than 
with a particular skill, such as writing plurals of nouns. Again, recent 
research is more frequently addressing smaller skills. Jensen (1982), 
for example, used microcomputers to teach addition facts to first- 
through third-grade students. He reported that time savings occurred 
and suggested that this was because of careful repetition only of the 
problems that were causing difficulty. 

The observation of roughly equivalent learning in less time has 
been referred to as the "CAI phenomenon" (Bright, 1983) and may 
offer one of the primary advantages of drill and practice CAI in the 
classroom. If the same learning can be accomplished through CAI in 
less time, then the time saved can be spent learning new material or 
learning the same material to a deeper level of understanding. In 
either case, the productivity of the classroom teacher would be im- 
proved, and the knowledge base of the students would be greater. 



ERIC 34 



24 



Drill and Practice Programs 



The two most probable explanations for this phenomenon arise 
from the results of the Beginning Teacher Evaluation Study conducted 
in CfJifomia in the 1970s. The subjects for that study were second- 
graders and fifth-graders, and achievement was examined in both 
reading and mathematics. One of the strongest predictors of student 
achievement was the amount of time a teacher was f.ble to keep 
students on task uath activities that they could perform successfully. 
This time was labeled "academic learning time." 

CAI may increase the amount of academic learning time in two 
ways. First, computer technology is a strong motivator and tends to 
keep children focused on the screen display; that is, focused on the 
content. Second, by taking advantage of the computer's capability to 
keep track of a student's performance on exercises, those exercises 
that are being missed consistently can b*^ identified, and remediation 
(or at least informative feedback) can be provided. This remediation 
may prevent the urong processes from being learned, with the result 
that students spend less time practicing virong processes. They are 
more apt to spend more time practicing correct processes, thi s in- 
creasing the academic learning time. 

In the area of affective outcomes the research is quite a bit less 
clear. Bracey (1982) in his summary of the CAI literature points out 
that studenis seem to come out of CAI use uath better attitudes about 
computers, they seem to enjoy the ability to determine the pace at 
which they move through material, and they generally feel more in 
control of things during CAI. These outcomes are probably all viewed 
as desirable by most elementary school teachers. 

Fisher (1984) in another survey of research also reported that 
students feel more positive about both themselves and school as a 
result of computer use, though the studies on which this conclusion 
was based seem to be mostly with college students. He also reported 
indications of attendance increases and vandalism decreases, at least 
partially as a result of computer use in schools. He also reported (a) 
that there is more social interaction among groups working at com- 
pute- (b) that three students pe/ terminal is adequate but that four 
is too many, causing some students to w^.it for a turn and to waste 
time, (c) that teachers with access to computers spent more time with 
individual students than teachers uathout computers, and (d) that 
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girls are underrepresented in computing classes, at all grades but 
especially at higher grades. He noted that anecdotal reports, though 
consistent, are not sufficient to clearly establish believable results in 
the area of social eflFects of computers. Controlled studies are needed 
to confirm results. 

In summary, research clearly indicates that CAI should not be 
expected to produce miracles. It must not be oversold. The learning 
produced could be good or bad, just as with any instructional tech- 
nique, depending on the care with which the designer constructs the 
program. Too, CAI should not be used to the total exclusion of other 
techniques. No technique alone can long succeed in teaching every- 
thing, and there is not yet enough information about the long-term 
effects of CAI on learning to know how it can best be used. In par- 
ticular, no one knows if the apparent motivating effect will wear off 
after repeated exposure. At the moment CAI appears to be a very 
promising technique, but, like the development of instructional tele- 
vision, program designers must become more sophisticated as the 
learners become more used to using CAI. 

CONCLUSION 

As long as drill and practice is necessary for attaining the goals of 
elementary school education, dnll and practice CAI wall have a role 
to play in providing that instruction. The research clearly indicates 
that there is at least one advantage of CAI over other modes of drill 
and practice; namely, time can be saved. Teachers, however, must 
demand that drill and practice sofhvare take full adv^antage of the 
capabilities of the computer without cluttering the instruction with 
inappropriate uses of those capabilities. As with any instructional 
material, care must be taken in the selection of the particular sofhvare 
that is used to be sure that it teaches objectives that are important 
and that it will be an efficient use of students' time. 
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In the elementary school new information is most often presented to 
students by the classroom teacher. Typically, the teacher tells the 
students something, or demonstrates something, and the students are 
supposed to remember or model what the teacher has done. Much 
of this information is presented to whole classes at once, and then a 
great deal of time is spent in helping those students who did not grasp 
the new material the first time it was presented. Tutorial programs 
may be effective either in presenting material for the first time or in 
helping teachers do the reteaching. 



WHAT IS TUTORIAL CAI? 

A tutorial CAI program is any program that teaches new information 
to the user. In addition, most tutorial programs also check on the 
users level of understanding, and many tutorials provide some drill 
and practice of that material. However, the key aspect of tutorial 
programs is their intent to teach new material. For example, a student 
might be presented with rules for writing plurals of one-syllable 
words, with plans for designing electric circuits, or with an algorithm 
for multiplying common fractions. If the intent is to teach this material 
as if it were previously unlearned, these programs would be considered 
tutorial programs. 

27 
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In self-contained classrooms most of this kind of information is 
presented by the teacher, with practice and additional explanation 
provided by a textbook or workbooks. For a wide variety of reasons 
not all students grasp a new concept uith the first explanation. For 
example, students may lack the necessary prerequisite skills, they may 
be daydreaming, they may be ill or hungry, they may be uninterested, 
they may misunderstand the vw)rds that the teacher uses, or they may 
be absent. It is often difficult for the teacher to know, and impossible 
for printed materials to find out, how well the instruction has com- 
municated its intended content. That is, what level of understanding 
have the students attained? Microcomputer tutorial programs can 
overcome this deficiency by analyzing responses of each student during 
the course of the instruction. All of the responses can also be remem- 
bered with full accuracy, so each student's history is complete. 

TypicoMy, a tutorial program performs this analysis by asking 
questions during the presentation and matching the responses with 
common wrong answers that are stored in the program. In this way 
the program can sometimes identify for the students the incorrect 
aspects of their understanding and provide an alternate explanation 
of the material to try to correct that misunderstanding. For example, 
if a student responds with "runed" for the past tense of "run," the 
program might respond with 'The past tense of many verbs can be 
formed by adding an -ed, but run is a special verb. The ordinary rules 
for forming the past tense do not apply. The correct past tense is ran." 
In this way the student is given some positive feedback about knowing 
the general rule, but the limits of that rule are further defined, and 
perhaps with this information the student will be more successful 
later. Providing feedback at this point in the learning process may 
also reduce the amount of reteaching that uall be needed later because 
misunderstandings are corrected before they become too firmly es- 
tablished in memory. 

Most tutorial programs analyze responses simply by matching the 
students' answers with possible wi'ong answers stored in the program 
by the program author. A teacher with experience in teaching a given 
topic, on the other hand, often has both a large set of typical wrong 
answers that students give to specific questions and associated notions 
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of what misconceptions those answers may illustrate. Such notions 
are, of course, only guesses in any particular instance, and at best 
they reflect general kinds of misunderstandings. Any particular stu- 
dent may have acquired some unusual misconception that has be- 
havioral manifestations similar to a common error, so the teacher's 
attempt at remediation may be off target. A tutorial program would 
analyze students errors unbiasedly and might be more likely to identify 
uncommon errors. 

As tutorial programs become technically more sophisticated, they 
will employ better techniques for diagnosing misunderstandings (see 
Chapter '^l. With a better diagnosis comes a better explanation of the 
error, and the program is more likely to change the students' under- 
standings from incorrect to correct. 



THE STRUCTURE OF A 
TUTORIAL PROGRAM 

A tutorial program has a simple generic structure; each new concept 
or skill is presented in three basic steps. Infoimation is presented, a 
check is made on how well the student understood that information, 
and corrective action is taken if necessary so that the student's un- 
derstanding is the same as that intended by the author of the program. 
The creativity needed for writing an effective tutorial program is usu- 
ally not in writing the initial teaching presentation. Rather it is, first, 
in designing appropriate questions to find the most critical misun- 
derstandings and, second, in creating effective reteaching sequences 
for correcting those misunderstandings. Most reteaching sequent js 
will never be seen by most users; only a few will ever be encountered 
by anj individual. However, without these sequences, the tutorial 
program would fail in one of its most important characteristics; 
namely, correcting misconceptions that a particular individual may 
develop during instruction. 

Misunderstandings may develop for a variety of reasons; for ex- 
ample, lack of necessary prerequisite information or misunderstand- 
ing of the language used in teaching. Keeping track of even a few of 
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these creates a tutorial program with very many branching possibil- 
ities. As a consequence, a tutorial program will typically be very large, 
perhaps too large to be stored in the working memory of most types 
of microcomuuters. In this case pieces of the program will have to 
be stored exiernally— for example, on a disk. Thus, tutorial programs 
usually have more hardware requirements (for example, disk drive 
required) than drill and practice programs. If tutorial programs are 
to be an important part of the use of microcomputers in a school, 
adequate hardware will need to be purchased. This may be an im- 
portant cost in the use of tutorial programs in schools. 

In teaching the addition algorithm, for example, students may 
make a variety of errors, some of which are listed below. (The prob- 
lem, 57 + 78, is used as the example, with expected wrong answers 
given in parentheses.) 

1. drops carry digit (25 or 125) 

2. carries wrong digit (711 or 171) 

3. begins on left (117 or 216 or 261) 

4. adds each column separately (1215) 

Some students will exhibit several of these errors in succession, while 
other students may exhibit only one error and that one only briefly. 
A tutorial program must always be alert for all errors. Unlike a human , 
who comes to expect certain types of errors from specific students 
and who may not recognize other errors, a tutorial program can 
recognize errors without bias or predisposition. 

This objectivity has both advantages and disadvantages. The pri- 
mary advantage is that the program can recognize changes in a stu- 
dent's behavior almost as soon as it occurs. There is no lag such as 
might be caused by the human tendency to see only what is expected 
or desired. The primary disadvantage is that time may be lost in 
repeatedly searching through an entire list of potential errors trying 
to find the error(s) that fit. 

USES OF A TUTORIAL 
PROGRAM 

There are two obvious uses of tutorial programs. One is to provide 
the primary instruction on a topic. Another is to provide backup 
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instruction for students who were absent, or did not grasp the ma- 
terial, during the first exposure. 

The first use may bring to mind an image r , a mythical twenty- 
first-century school (and myth is probably the proper analogy) in 
which every student has a computer and spends most of the day 
interacting with that machine. Even though this view is not accurate, 
there will likely be some time spent each school day in human- 
machine interaction. Tutorials will take up a significant portion of 
thai time. Much of this tutorial use will likely be for teaching material 
of which the teacher is unsure or that has special presentation re- 
quirements, such as the need for accurate pictures or animation. 
Tutorials are not likely to replace teachers as the primary source of 
new information, but in some areas tutorials can supplement the 
information that a particular teacher has. For example, the calls in 
the mid-1980s for more science edv.cation in the U.S. may be met 
more easily and inexpensively with the development of adequate mi- 
crocomputer tutorials than wiih the massive in-service and preservice 
education required to educate all, or even most, elementary school 
teachers. 

The second use of tutorials would relieve one burden for teachers; 
namely, repeating instruction lor students who were absent or who 
weren't paying attention during the initial instruction. Teachers could 
then focus their energies more effectively on correcting those miscon- 
ceptions that are not corrected by the tutorial. After all, no tutorial 
can be totally effective for all students; teachers will always be needed 
to fill in the gaps in the program. 

WHAT CONTENT IS 
APPROPRIATE FOR 
TUTORIALS? 

Tutorial programs should deal with content that involves rules or 
relationships. Simple memorization of isolated facts would be the 
domain of drill and practice more than of tutorials. Content that is 
best presented with illustrations, either static or with motion, is par- 
ticularly appropriate, since pictures can be easily and cheaply ma- 
nipulated on a monitor screen. 

Science concepts seem especially appropriate for tutorials since they 
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typicaUy are buUt on prerequisite material, involve many relationships, 
and can frequently be presented through pictures. A microcomputer tu- 
torial program can determine whether the prerequisite material is mas- 
tered (and either provide additional instruction or send the student to the 
teacher for extra help), can identify and isolate the relationships between 
parts of the material, can present extra explanation to help develop un- 
deretanding of those relationships, and can employ color and motion in 
various combinations to correct misunderstandings. 

For example, Bork (1981, 1983) has developed tutorial programs 
for teaching science concepts for a variety of ages and situations. The 
eaHy programs were for college-age students, with whole courses 
provided in CAI mode (on mainframe computers rather than micro- 
computers). More recently, however, he has developed microcomputer 
programs for use in unattended environments, like libraries, where 
people of all ages and many diverse backgrounds simply walk up and 
start using the programs. Much analysis of responses is required in 
these programs, since they can make no assumptions about the pre- 
vious experiences of the users. Some of these specific programs include 
electricity (connecting a battery to turn on a light) and simple genetics. 
The teaching technique used is "to place students in an environment 
in which they must behave like scientists in their approach to prob- 
lems" (1983, p. 50). This technique is reminiscent of the science cur- 
riculum projects of the 1960s and hopes to communicate the flavor 
of science rather that its full content. 

Programs like these would seem to be especially useful in elemen- 
tary school for topics in which teachers are generally not expert. The 
background of the classroom teacher may not be much more extensive 
than that of some students, and computer programs designed to iden- 
tify and correct misconceptions maybe much more eflFective just be- 
cause the teacher may not recognize the misconceptions of students or 
may not be able to correct such misconceptions efficiently. 

TUTORIALS IN THE PRIMARY 
GRADES 

In the primary grades tutorials might be used as an alternate mode 
of instruction to help students focus on simple concepts and relation- 
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HQu nnNv CUBES 



1 



LESSON 1 

2 



The student is asked how many cubes are m the bag 



QfiouFS OF A an 

HUNORCO 

III 


□UPS uw uNanouFCD 

TtN DNCS 

lllllll 


TVM TH WATCH THE OflOUn OF TEN 



When there are ten groups of ten 



HOU nRNV CUBES 
ARE \H THE BAQ'' 



QR0UP3 OF n Qr.DUPS DF UNQRDUPED 
HUNDRED TEN DNES 



MAKC 10 QMOUn OF TCN 



The student groups the cubes by tens 



1 












tlHGURS OF R QROUPS OP 


UNanouFCD 


HUNOnKO Ti 


N 


ONES 








WHCN VOU TVK TH. lOOROUnOF 


TIN H cowe 


A HUNOHCO 







the ten tens are grouped into one hundred 



□ 

RROUPS OF R 
HUNDflCD 


13 □ 

RROUPS OF UNQROUFEO 
TEN 0NE9 





When all of the cubes are out of the bag the student writes the number symbol 



m 

anoups OF r 

HUNORUD 


liiOl 

in u 

anoups OP uNttRouPEO 

TEN QNK8 


mOHTt THCne went nocuMS in thc iaq 



This IS the finished task 



Figure 3.1 Arithmetic tutorial: First lesson 
From NCTM. t9S4 Yearbook, page 46. 
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Parti 



hGU n«NV CUBES ARE THEPE 



LESSON 6 
1 



n 



W nORE THW 9 MS. KSHV nc ONES. 



The student is asked to write the number symbol 
that tells how many cubes are in the picture 



EE= mPE the='£- 



■ 



•<ic's toi TO m\^l U NunKfii — 

m T)CIIE WE nm TMW 9 TENS. 
mW T)C TEW. 



First the student must regroup the cubes 



HQU nflNV CUBES i^RE 



icK's w TO mill \)i nMi 
W IIIITI DC )um 



Now the student can write t^o appropriate number 
symbol 



Part 2 



Wec.POUP THE CUBES SO VQU Hrti^e I 
11 ONES 



3 Q 1 



TO SO' Vf THIS ^MOILEM 

MEOMOU* I hUNOREO TO 10 TENS 



The student is asked to regroup the display to 
show more ones 



REOPQUP THE CUBES SO VQU Hft'"e I - 

11 ONES I u 1>.' 

1 g 0 1 

a 



TO SOLVE TMiS PROBLEM 

RKOROU* 1 HUNOREO To lO TENS 
NOW RKOROUr 1 TEN TO 10 OnCS 



Th:: <tudent first reg.oups a hundred to ten tens 



REDFQUP THE CUBES SO vQU HftUE | 0 3 

11 ONES ^ ; 11 



g 0 1 



IB 



ro SOLVE THIS tfROlLCM 

REGROUP 1 HUNOREO TO IQ TENS 
NOW REQROUP 1 TEN TO 10 ONES 



Next the student regroups one ten to ten ones 
The appropriate regrouping marks accompany the 
cnanges in the display 



Figure 3J2 Lesson to link symbols to objects 
From NCIM, i^S4 Yearixx)k. ;c 43 
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ships. Students in these grades are operating at the concrete operations 
level, so relationships among concepts (and relational concepts) will 
be difficult to learn. Ordinary whole-group instruction in these areas 
is likely to fail to take account of the many diflFerent misconceptions 
that students develop because of their limited abilities to process 
information. Computer tutorials are more likely to help individual 
students acquire concepts that will not need to be unlearned later. 

One suitable tutorial program for primary grades is shown in Fig- 
ures 3.1 and 3.2 (Champagne and Rogalska-Saz, 1984). The tutorial is 
designed to help students connect numeration concepts embodied in 
manipulative materials with the symbols used to write large numbers. 
A lot of interaction is required from the user, but it is of a different 
quality than drill and practice programs require. The user must stay 
involved with the content in order to progress through the program. 

TUTORIALS IN THE 
INTERMEDIATE GRADES 

In the intermediate grades tutorials can deal with more sophisticated 
content. One such program is Lines (MECC, 1980a), shown in Figure 
3.3. This program presents information (screens 1 and 2) and then 
checks for understanding (screens 3 and 4). This is more typical of 
most commercial tutorials than is the previous example. 

The program also has accompanying print materials that support 
the instruction on the screen. These include recording sheets on which 
students can copy some of the definitions and illustrations from the 
screen and worksheets for further practice. 

Another tutorial program is Fish Circulation (MECC, 1980b) 
shown in Fij^ure 3.4. This tutorial is designed to teach the circulation 
system of fish. Graphics are used extensively both as a model of the 
circulation system and as a highlighting device to focus attention on 
parts of the model. Again, there are extensive print support materials. 
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B. 



Two I ines m a plane may 
either Intersect, as fn A , 
or not intersect, as in B. 



press 'space bar' to go oh 
/ 



L ines that cJo not Intersect 
are ca I led PARALLEL. 



press 'space bar' to go 



7 



A ^ — 

E AB and DC are 

y/ 1. para I lei 
^ p 2. intersect ing 
3, perpendicular 
Uhich one'? 



Lines which are not para 
are ca I led 

1. Intersect Ing 

2. Rays 

3. Angles 
CPress 1,2 or 3:^2 

The answer is 1. 
press 'space bar' to go 



I lei 



Figure 3^ Tutorial on lines 

From MECC, Elementary, Volume 9, pages 10, 14. 



UCiULL- YOU LIKE TO: 

1> SCE H LESSON OH BLOOD CIPLULftTION 
IN R FISH, 

£> RNSyER SOME QUESTIONS ftBOUT BLOOC' 
CIRCULATION IN ft TUO-CHftMBE PEC- 
SYSTEM SUCH PIS THfiT OF ft FISH. 

3> SEE ft DEMONSTPftl ION OF BLOOr^ 
ClRCULftTlON IN ft TUO-CHftfieERED 
SYSTEM SUCH flS THftT Ol- ft FISH. 

4> END THE PROGRRM 

1# 2, 3, OR 4 ^1 



I'OE.-.EftCH BLOOP CELL TPftVEL DIRECTL.' 

THE uiLLS From the HEWT' 





Figure 3.4 Science tutorial 

From MECC, Science^ Volume 3, pages 8-9. 
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BAD AND GOOD FEATURES OF 
TUTORIAL PROGRAMS 

The current difficulty with many microcomputer tutorial programs 
is that they do not provide enough branches for the learners. The new 
information may be presented in only one way, and the only procedure 
fo t-^^recting misunderstandings is to use the same presentation 
again. This is not much different than the teacher who says the same 
thing louder when a student asks a question. Also, too much infor- 
mation is often given in text form rather than in other modes of 
representation. The tutorial program becomes too much of a page- 
turning device. 

Tutonals that were written in the middle and late 1960s for main- 
frame computers generally provided much better instructional se- 
quences, at least in terms of branching, than current microcomputer 
versions. At least in part this is due to the fact that early tutorials 
were only in text mode (because of the limitation of the equipment 
to teletype terminals) and were written almost exclusively for college 
students rather than elementary school students. The kinds of re- 
teaching through text explanations that can be done for this older 
population are more sophisticated because of the accessibility to 
language. 

At the elementary school level considerable creativity is probably 
required to create reteaching sequences. Effective tutorials will likely 
be slow to develop until better procedures are available for pinpointing 
precisely the misunderstandings that students' responses indicate. 
Too, more needs to be knouTi about the use of pictures, motion, and 
color in developing understanding. Currently, tutorial authors are ef- 
fectively limited to authoring by intuition; the research base is too 
sparse. Until microcomputers became generally available, there was 
no technology, except people, that could support tutorial teaching. 
Now the technology exists; instructional strategies must catch up. 

This concern about how understanding develops points out the 
need for research on learning and teaching. Drill and practice is fairly 
well understood; paper and pencil is an adequate technology to sup- 
port drill and practice. It is clear to all teachers that drill and practice 
assists the acquisition of skills. However, at the level of concepts, very 
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little is commonly known about how to make teaching more effective. 
The advent of the use of microcomputers in the schools will put 
pressure on software producers to create tutorials for use in schools 
Effective tutorials would more likely be produced, however, if n ore 
were known about how people learn concepts and relationships 
among concepts. This knowledge can only come about through re- 
search on learning, but it may be the pressures (and the money) of 
commercial producers of software rather than the search for knowl- 
edge that push researchers to develop that knowledge. An analogy 
can be found in the development of technology for the manned space 
flight to the moon. It was not until the commitment was made to 
put a human on the moon that the research was conducted to allow 
the creation of the technology. The same may be true of accumulation 
of knowledge about learning, the impetus being more commercial 
than academic. 



EVALUATING TUTORIAL 
PROGRAMS 

Teachers need to look at many different features of tutorial prograius 
m deciding which ones to use in the classroom. Of primaiy importance 
are the accuracy of the content presented and the consistency of the 
pedagogy used with that of the teacher. Since tutorials can be expected 
to be integrated into the regular instruction, and not to replace that 
instruction, the philosophy of the tutorial should be consistent with 
that of the classroom teacher. At the same time, however, the goal 
of a tutorial program is to instruct, so the information communicated 
must be accurate. 

The nature of the interaction is also verv important in tutorial 
programs. There should be ample opportunity for the students to 
respond to questions, yet the program should not be just drill and 
practice. Too, a program that only provides information in screen 
after screen of text is not a tutorial. There must be interaction between 
the program and the student. A rule of thumb is that if more than 
three or four screensful of information are presented without any 
chance for interaction, there is not sufficient interaction. However, 
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the kinds of questions are equally important. If all of the questions 
are cognitively at a low level, then the program may just teach mem- 
orization of information. For most kinds of content, this level is in- 
adequate. There should be some questions that require careful 
understanding and analysis of the content. 

Also, the questions should not all be multiple choice. Students 
should have to type in some answers in free response form. This means 
in turn that the program must be able to analyze such responses and 
look for key words, even if they are not spelled quite correctly. For 
example, in a program on flow ofT^lood through the body, one question 
might be, '^Through what does blood flow away from the heart?'' 
Responses of "artery," "the artery," "artary," "artory," "arteries," and 
variations of these should all be considered correct. Creating programs 
that can search free responses for a variety of answers is conceptually 
not difficult, but taking the time and the care to do so makes the 
production of such programs expensive. 

The most difficult part of evaluating tutorial programs for poten- 
tial classroom use is that it takes quite a lot of time to do the evaluating. 
Teachers must try out many of the paths that students might en- 
counter. That means that teachers must pretend to make both the 
common and the uncommon mistakes that students are likely to make 
in answering the questions. Since it is not possible either to "speed 
read" through the program or usually to retrace one's path through 
the tutorial, the teacher must run the tutorial program several times 
in order to find out what the program can and will do. Although 
tutorial programs have many advantages, and although schools may 
find the prospect of using tutorials very attractive, the expense in time 
of reviewing the programs may discourage teachers, and many school 
administrators, from making much use of such programs. 



WHAT DOES RESEARCH SAY 
.XBOUT TUTORIALS? 

Tht^re is very little research on the use of tutorial programs with ele- 
mentary school students. Most of the tutorial programs have been 
written for college-age or high-school-age students, and much of the 



40 



Tutorial Programs 



research on these programs was conducted with text-only tutorials 
written for mainframe computers with teletype terminals only. Hence, 
the conclusions cited below should be viewed rather skeptically. The 
generalizations to younger populations who are much less verbal can 
only be tentative. 

It is perhaps significant that Overton (1981) in a review of the re-earch 
on CAI in mathematics discussed no studies of tutorials for elementaiy 
school students, and she only referenced the work on PLATO with ele- 
mentaiy school students. (The PLATO system is a mainframe computer 
equipped with multiple terminals.) These PLATO studies (e.g., Slattow, 
1977) showed that of the three mathematics-content areas effractions, 
whole numbers, and graphs, only the tutorials on fractions resulted in sig- 
nificantly improved learning, as compared to a contix)l group. A similar 
but less controUed experiment on language arts did not indicate any sig- 
nificant improvement in measures of learning. 

In short, tutorials with elementary school students have had no 
spectacular success in improving learning. However, the development 
of tutorials is in its infancy, appropriate supporting technology is only 
now available. As more tutorials are written, and as more research 
is conducted on those tutorials, more success will certainly be dem- 
onstrated. Until that time, teachers should expect tutorials to teach 
as well as, but certainly no better th^n, ordinaiy instruction. Tutorials 
should be used only if a particular program seems to fit easily into 
the regular curriculum. 



CONCLUSION 

Tutorials open up many possibilities for improving the deliveiy of 
instruction. As yet, however, these arc untried possibilities. It is an 
exciting time to be studving instruction, but progress is likely to be 
slow. The science of teaching and learning has not yet established 
enough principles to guide rapid development of tutorial programs. 



Games 




The idea of using games as teaching devices is quite old. It is \videly 
accepted that ancient civilizations used games to teach, or at least 
practice, many physical skills. It is not equally accepted, however, 
that games can teach common educational objectives, even though 
most elementary school teachers have adapted or created games to 
try to teach something to their students. The development of computer 
technology and the accompan3dng video-arcade technology has given 
new impetus to trying to understand both how games teach and what 
kinds of concepts and skills can be taught through games. 



Many authors have given many different definitions of a game. Bright, 
Harvey, and Wheeler (1985) have tried to characterize a game rather 
than to completely define it. Their list of characteristics is the means 
for identifying a game in this chapter. 

1. A game is freely engaged in. 

2. A game is a challenge against a task or an opponent. 

3. A game governed by a definite set of rules that describe 
all of the procedures for playing the game. In particular, 
the goal(s) sought are set forth in the rules, and after a 
play is made, it may not be retracted or altered. 
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41 



ERLC 




42 



Gatrws 



4. Psychologically, a game is an arbitrary situation clearly 
delimited in time and space from real-life activity. 

5. Socially, the events of a game are considered in and of 
themselves to be of minimal importance. 

6. A game has a finite number of states or positions; that is, only 
a finite number of different things can happen. The exact 
states of the game are not known prior to the start of the game. 

7. A game ends after a finite number of plays. 

These criteria are designed to capture the common notions (a) 
that the rules of a game completely determine it, and if the rules are 
changed the game has likewise changed, (b) that the game is not 
completely like real life, and (c) that the game is of minimal long- 
range importance, even though the skills needed to play the game 
may be quite important. Yet, because the game is a challenge, there 
is motivation to play seriously. Players do not simply make random 
moves, unless they have become completely frustrated. 

An instructional game is a game for which the teacher has deter- 
mined a set of instructional objectives prior to the time at which the game 
is given to students to play. It is important in choosing a game for instruc- 
tional use to consider what the instructional objectives of the game are. If 
instructional objectives for a particular gamt not clear, that game 
should probably not be considered an instructional game, and it should 
probably not be included in a teacher s instructional repertoire. 

Microcomputer games must meet this same test of instructional 
quality before they are given to students to play. Typically, video- 
arcade games are not instructional games, for they have no clear 
instructional objectives. Some people have argued that eye-hand co- 
ordination is one outcome of arcade games, but since that is not a 
typical instructional objective of most elementary schools, the argu- 
ment becomes quite weak in justifying the inclusion of arcade games 
in the elementary school curriculum. 

VARIETIES OF GAMES 

Games can be classified in many ways. Bright et al. (1985) have used 
two different classifications of games. One is based on the timing of 
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the game relative to the regular instruction designed to produce mas- 
tery of content, and the other is based on the cognitive level of the 
content being taught. 

A game can be used either as review or practice of content already 
mastered (i.e., at the post-instructional level), or as part of the primary 
instruction designed to produce mastery of the content (i.e., at the 
co-instructional level), or as readiness for instruction designed to pro- 
duce mastery of the content (i.e., at the pre-instructional level). Post- 
instructional games are stereotypical of games in elementary school. 
That is, most people think games are useful only in drill and practice 
settings after the primary instruction on a topic. However, there is no 
logical reason why games cannot also be effective in co-instructional 
and pre-instructipnal settings. Recent research on the use of games 
has shown that games can teach content effectively in a variety of 
settings, though clearly not every game will automatically do so. At 
the moment, it is not clear what characteristics or level of content of 
games may make them effective in different settings. 

The second classification is based on Bloom's taxonomy (1956) of 
educational objectives. There are six levels; knowledge, comprehen- 
sion, application, analysis, smthesis, and evaluation. In the elementary 
school setting the first three have always been important, though the 
next two are becoming increasingly important, given the new em- 
phasis on problem solving. Again, recent research indicates that games 
can be effective at most of these levels of content, but there is no 
guarantee of success for any particular game. 

Another classification of games has been given by Dennis, Muiz* 
nieks, and Stewart (1979). They identify free-form games, rigid-form 
games, and open- form games. Free-form games can also be called 
simulation games, and they are characterized by a scenario in which 
the play progresses (p. 2) and in which the players take on roles. More 
wall be said about simulation games in Chapter 5. Rigid-form games 
are the typical content-related games that are used in classroom in- 
struction. These kinds of games are discussed below. Open-form 
games are essentially problem-solving situations that have very little 
if any relevance to real-world situations. An example of such a game 
is chess. It is not at all clear, though it is certainly possible, that 
becoming good at playing chess teaches anything either that will 
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transfer to non-chess situations or that is important to common ed- 
ucational objectives. 

Any particular choice of categories of games (called a taxonomy) 
is arbitrary. The primary purpose of such taxonomies is to help identify 
the uses of a new game by grouping it with other similar games whose 
uses are known. In this way the analysis of a new game can be 
shortened and time can be saved. 



WHAT CAN GAMES TEACH? 

Games by their very nature provide repetition of situations with 
slightly different constraints; for example, different numbers rolled 
on a pair of dice. Hence, games can best teach concepts and skills 
that need to be encountered repeatedly for mastery. This does not 
mean, however, that only drill and practice settings are appropriate 
for game use. It is possible for a game to provide all of the instruction 
on new content merely through the repeated exposure to situations 
in which that content is used. 

Conversely, games should not be expected to teach content that 
is encountered only a few times or that requires extensive discussion 
by a group of people to investigate. For example, unusual problem 
solving could not be taught by a game, simply because the repeated 
exposure to problems of the same type violates the necessary require- 
ment that the problems be unusual or novel. Certainly the subskills 
needed to solve novel problems could be taught through games, but 
the putting together of those subskills could not be taught through 
game plaving. 



CREATION OF 
MICROCOMPUTER GAMES 

Most microcomputer games aie designed to reflect many of the mo- 
tivating attributes of arcade games. That is, microcomputer games 
make use of fancy graphics and fantasy situations. Although such 
"extras" are not an essential part of a game, these features seem to 
make plaving the games more enjoyable. 
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The critical concern of a teacher, however, should be that the 
instructional objectives of the game be clear and effectively tied into 
the play of the game. For example, the game, Flashcard Baseball, does 
not have the content tied into the play of the game. Students answer 
questions only in order to allow them to "run" around the bases and 
to score points. The kinds of questions asked can be changed arbitrarily 
without altering the rules of the game. If a student is not caught up 
in the fantasy of the baseball situation, it would be unreasonable to 
expect this game to teach content very effectively. On the other hand, 
the game. Teasers by Tobbs (O'Brien, 1982), is quite dependent on 
the content involved. If that content were changed, say to geometry 
or to language arts, the game would have to change dramatically. For 
this reason Teasers by Tobbs is probably a more effective instructional 
game than Flashcard Baseball, in the sense that the players become 
more involved with the content being taught. There are fewer dis- 
tractions away from the content, and learning the content becomes 
critical for completing a turn ii^ the game. 

Also of concern in microcomputer games involving graphics and 
fantasy is the -^^nropriateness of the fantasy in the context of the goals 
of the school, ror example, rnar.y mathematics drill games for ele- 
mentaiy school students involve some violence in the fantasy situation; 
for instance, shooting doviTi spaceships. While this fantasy mav be 
attractive to some students, it may actually be counterproductive for 
others. Malone (1980), for example, reported evidence that suggests 
that males may like this kind of fantasy r ore than females Such 
differences among populations of students need to be tiken into ac- 
count in selecting games for classroom use. 

GAMES IN THE PRIMARY 
GRADES 

In the primary grades games can teach recognition of color and shape, 
vocabulary, number facts, and other fundamental concepts. Students 
enjoy playing games and will often spc*nd great amounts of time 
playing them. The games should not be too competitive, however, 
since winning may become important at the expense of learning the 
content. 
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Figure 4.1 Fish Chase 

From NCTM, 1984 Yearlxxik, j>agc 55 Reprinted bv jx^Kssion of Milhkcn Publishing Companv 
St LouKs, Missouri ' • 



One effective game is Fish Chase (Kraus, 1982a). This, like many 
microcomputer games, is a speed drill, in this case on arithmetic basic 
facts. The user s choice of fast or slow speed increases the range of 
students that could make use of this game. 

Another game for this level is Jar Game (Kraub, 1982c). This is a 
pre-instmctional game that is designed to give students some intuitive 
ex{)erience with probability. Students choose one of two jars from 
which squares of two colors are then randomly selected. Students get 
points when gold squares are chosen, and they get bonus points for 
choosing the jar with the greater ratio of gold to nongold squares. 

GAMES IN THE 
INTERMEDIATE GRADES 

In the intermediate grades games can provide problem-solving ex- 
periences and analysis skills in addition to continued instruction on 
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Figure 4.2 Jar Game 

Repnnted by permission of Milhken Publishing Company^ St. Louis, Missouri 

fundamental concepts and skills. Teasers by Tobbs, for example, pro- 
vides experiences with addition and multiplication facts at sf'veral 
levels of Bloom's taxonomy. 

In the first screen display only basic facts are needed to fill in the 
Mank space indicated by a question mark. However, in the second 
display the student must develop a string of deductions in order to 
fill in the space indicated. This is one kind of reasoning that is useful 
in many problem-solving sit' itions. 

Four Letter Words (Luster, 1^83) could be made into a competitive 
game by using it in a tournament setting, with students' scores de- 
termining their rankings. A four-letter word or combination is chosen 
by either the user or the computer. Using these four letters, perhaps 
with repeated use of letters, students make as many four-letter words 
as possible. The program checks each word against those in its ac- 
companying dictionary of over three thousand words. The score is the 
total number of words made. After the student finishes, the computer 
prints on the screen all of the words in its dictionary that could have 
been made. 
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Figure 4^ Screen displays of Teasers by Tobbs 
Used bv permission, Sunburst Communications, Inc 



Golf Classic (Kraus, 1982b) is designed to improve estimation of 
length and angle measurements. After a student chooses the angle 
and length of a shot, the program draws the path of the shot. The 
student thus gets immedi.^te visual feedback on the accuracy of the 
estimates. 



RESEARCH ON GAMES 

Almost no literature on the effects of microcomputer games exists. 
There is, however, quite a lot of literature on noncomputer games. It 
is reasonable to expect most of the results of this work to be gener- 
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Figure 4.4 Screen displays from Four Letter Words 

VVntten by Robert G Luster. Published by CONDUIT, The University of Iowa, Oakdale Campus* 
Iowa Citv» Iowa 
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Figure 4.4 (continued) 



alizable to microcomputer settings, for it is probably the instructional 
intent of a game that is important rather than the particulai lormat 
of that game. The only caveat to generalizing in this way is the un- 
known influence of the use of graphics and fantasy on the effects that 
have been observed. Most noncomputer games do not make significant 
use of these characteristics. 

The learning effects and the affective effects of studies v/ith ele- 
mentary school students will be considered separately. The learning 
effects wall be grouped according to the instructional levels (pre- 
instructional, co-instructional, and post-instructional) of the games 
used. For two reasons, the studies cited deal only with mathematics 
content. First, much more research has apparently been conducted 
in mathematics than in any other content area; second, the range of 
content in these studies is quite large. Thus, the results from this 
litcraturr arc fairly representative of the kinds of results that can be 
expected from games. 

Games used at the pre-instmctional level have spanned a wide 
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Figure 4^ Golf Classic 

From NCI'M, 1984 Yearbook* page 58 Reprinted by })ermiSMon of Millh.i n Publishing Conijianv, 
St Loins, Mishoun 

variet}^ of content, some of it quite unusual for the elementaiy grades. 
Lesh and Johnson (1976) used games to teach motion geometn^ to 
240 fourth-graders. They concluded that the nongamc treatment for 
teaching this content was more effective than the game treatment. 
Bowen (1970) also compared a game treatment with a nongamc 
treatment to teach logical principles to fourth-graders. He concluded 
that the nongame treatment was more effective. Trimmer (1978), on 
the other hand, concluded that with third- and fifth-graders, the game, 
Mastermind, can be effective at improving reasoning skills. Bright, 
Harvey, and Wheeler (1983) used the same game with sixth-graders 
and found no significant improvement in logical reasoning skills. Peelc 
(1972) tried to teach strategy skills to fifth-graders through a variety 
of games, but he found no significant differences between the game 
players and the nongame players. 

Number skills and arithmetic seem like much more ordinary con- 
tent than logical reasoning and stratcg\^ skills. Humphrey (1966) used 
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games to teach number skills prior to instruction by the classroom 
teacher. He found no significant efTect of the games. Droter (cited by 
Ashlock and Humphrey, 1976) extended this work to kindergarten 
students, but again there were no significant results. Wheeler and 
meeler (1940) used a flashcard, bingo-type game to teach number 
recognition to first-graders, and althou^ statistical tests were not 
used, they concluded that the game had considerable value for primary 
children. Karlin (1972) designed a game to teach prime factorization 
and recognition of the fundamental theorem of arithmetic to fifth- 
graders. Only recognition of the fundamental theorem of arithmetic 
improved through game playing. Bright, Harvey, and Wheeler (1980a) 
did successfiilly teach probability to older elementry school students 
in a pre-instructional setting, and other studies with older students 
(e.g., Goldberg, 1980) have also been successful. Perhaps the devel- 
opment of cognitive abilities that apparently comes with age and 
experience accounts for the diflFerent results. 

At the pre-instructional level, then, games have proven successful 
with elementary school children in only limited settings. This is not 
too surprising, however, since a pre-instructional game may require 
that students have enough content background to benefit from it. 
Many elementary school students simply may not know enough to 
profit from pre-instructional games. 

At the co-instructional level, studies with elementary school stu- 
dents seem to have been more eflFective. Steinway (1918) in a veiy 
early study used number games along with regular instruction in first- 
grade classrooms. The group that played only games improved more 
than the group that played games along with regular instruction. 
Hoover (1921) used games tha* stressed number operations in third- 
grade classes. The games group improved more than the regular in- 
struction group, though because the experiment spanned several 
months, other instruction may have confounded the results. 

Ross (1970) taught number concepts successfully to primaiy-age, 
educable mentally retarded children, and Wynroth (1970) taught the 
natural number system successfully to first-graders. WolflF(1974), on 
the other hand, compared a competitive game, a cooperative game, 
and a worksheet treatment with first- and second-graders, but he 
found no significant differences. Fishell (1975) tried to teach division 
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to fifth-graders through game playing, but he, too, found no significant 
differences when compared to a regular instruction control group. 

In spite of the somewhat mixed results, the majority of co- 
instructional studies have reported either that the games treatment 
was an equally effective teaching device or that the games treatment 
was significantly better than the non games treatment. It is noteworthy 
that these studies seem to deal almost exclusively with number skills. 

The most universally positive results have been observed at the 
post-instructional level. Bright, Harvey, and Wheeler (1979a) taught 
multiplication and division basic facts to fourth-, fifth-, and sixth- 
graders at *he start of the school year. The games used were effective 
at retraining the students' skills. In a longer-term study (Brigl.t, 
Harvey, and Wheeler, 1980b) the same games were used throughout 
the school year to maintain skills. Again, the games were effective 
teaching devices, even as the length of time between game-playing 
sessions increased. 

Attempts to affect students' achievement by increasing the amount 
of verbalization by students during game playing (Bright, Harvey, and 
Wheelevj 1980c) were not successful with third-, fourth-, fifth-, and 
sixth-graders. Similarly, the use of extra manipulative materials with 
a game of ordering common fractions (Bright, Harvey, anc Wheeler, 
1981) did not improve the effectiveness of the game, though all com- 
binations of materials and the game were effective at teaching or- 
dering of fractions. 

Kraus (1981) used the microcomputer game. Fish Chase, to teach 
addition lacts and the microcomputer game. Hangman, to teach spell- 
ing to second-graders. The arithmetic game was effective, but the 
spelling game was not. 

In summary, the post-instructional games have been generally 
successful, though attempts to improve on those effects (e.g.. Bright, 
Harvey, and Wheeler, 1979b) have not been very successful. Virtually 
all of the games have been of relatively low-level content, and this 
fact makes it difficult to compare these results with results at other 
instructional levels. 

In a major study of affective outcomes of games Malone (1980) 
concluded that computer games are motivating because (a) there is 
a clearly identified goal, (b) attainment of the goal is uncertain, though 
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possible, and (c) achieving the goal, or at least making progress towarcl 
achieving the goal, tends to increase self-esteem. Further, many com- 
puter games are embedded in a fantasy; some fantasies are extrinsic 
to the game content (e.g., Flashcard Baseball), while others are in- 
trinsic (e.g., legislature simulation). Intrinsic fantasies seem to be 
more interesting and more instructional. Fantasies involving emotion 
(e.g., shooting down aliens) are likely to be more popular than less 
emotionally laden fantasies; however, Malone's data indicate that 
among elementary school students preference for various fantasies 
differs according to gender. Boys, for example, liked the popping 
balloons in one version of a darts game, while girls disliked it. A range 
of fantasies is thus necessary in a school's collection of computer 
games. 



CONCLUSION 

Microcomputer games seem to be a good use of computer capabilities. 
The computer can check to be sure that students play by tl^e rules 
and answer any content questions correctly. Students enjoy playing 
these games, and they are likely to spend considerably more time 
engaged with the content in this form than in many other instructional 
forms. The research on effects of games also suggests that games can 
De effective if used judiciously. Teachers should feel encouraged to 
use microcomputer games and to expect learning to result. 
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Simulations may become the most important type of instnictional 
computer program by the end of the century. A computer simulation 
typically takes advantage of more of the capabilities of computers — 
e.g., graphics, rapid data processing? branching according to user 
inputs — than other types of CAI. As the capabilities of microcomputers 
increase, more and more complex simulations will be possible. It may 
even be possible to teach some kinds of content through a simulation 
(for example, complex relationships) that would be impossible to 
teach in any other way. 

A computer simulation is a program in which a few features of 
a real-world situation are abstracted and then are used to form a 
model of a simplified version of that same situation. The model is 
based on only the few abstracted features, so by its very nature it is 
different from the real-world situation that inspired it. In a simulation 
the user either watches the modeling process, if it is completely self- 
contained and driven by the program, or participates in it by providing 
values for some of the variables that are specified in the program. 
Typically, a computer simulation either speeds up a process, as in a 
legislature simulation, or slows down a process, as in a chemical 
reaction simulation, so that the user can watch each step along the 
way within the time constraints of a normal classroom environment. 

Although noncomputer simulations h ve been available for many 
years, it is not uncommon to discover that an author's instructional 
objectives for a simulation are somewhat vague. Probably the most 
important objective of a simulation is to illustrate the relationships 
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between the variables chosen for inclusion. That is, how do the var- 
iables interact? At the same time, measuring understanding of rela- 
tionships is difficult at best, and that may account for the lack of 
important learning v^ffects attributable to the use of simulations in 
the classroom. Houwer, the truth may be that researchers simply 
have not been looking in the right places for learning outcomes. 



UNIQUENESS OF 
SEVfULATIONS AS CAI 

There are several differences between a simulation program and the 
drill and practice or tutorial programs discussed in earlier chapters. 
First, a simulation typically involves more complex material. A drill 
and practice program is usually narrowly focused on one skill or 
concept, and a tutorial also has a primary objective of communicating 
content. Irrelevant side trips in a tutorial tend to distract the user 
from that objective. Simulations, however, focus on interactions be- 
tween conditions or variables, each of which has more than one value. 
The large number of possible combinations of these values automat- 
ically guarantees that understanding the simulation is going to be a 
complex process. 

Second, a simulation is usually not completely self-contained; that 
is, the user is - sponsible for control of some of the features of a 
simulation. Drill and practice programs and tutorial programs, be- 
cause they have narrow content foci, must assume the major respon- 
sibility for sequencing material for the user. Simulations are written 
to respond to any user inputs, within predetermined acceptable limits, 
and to model the effects of those inputs on the real-world situation 
under consideration. The user can experiment with the simplified 
situation by providing combinations of the variables that the program 
author might not have explicitly anticipated. At the very least, because 
of the large number of possible combinations, some users will choose 
combinations that the author did not test during trial runs; there are 
too mary combinations for all of them to have been tried. 

Third, the instructional intent of most simulations is to com- 
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municate information or understanding of the processes that are part 
of the situation being modeled. That is, the instructional intent is one 
of the aspects of problem solving. This means that a single simulation 
might be used for a variety of instructional purposes; the teacher 
typically has a range of decisions to m^^e in uetermining how to use 
a simulation. Drill and piactice programs and tutorial programs do 
not usually provide so many options for their use in the classroom. 
As alluded to earli^T, one of the most critical decisions that has to be 
made in using a simulation is how to measure its effects on the 
learning of the students. It is important to know if the intended 
instructional objective of the teacher has been communicated to the 
students. It is at least equally important, however, to measure the 
unintended instructional objectives that have been communicated; 
that is, exactly what did the students learn about the processes being 
modeled? Because the students (the users) are in control of specifying 
many of the values of the variables, they may have pursued the model 
in directions that the teacher did not intend, but that the model itself 
can certainly support. Teachers must look for such unintentional 
learning, both as a way of evaluating the effectiveness of the simulation 
itself and as a measure of the information that students will take with 
them into later instructional activities. 

Fourth, the time required to complete a simulation is considerably 
more than the time required for either drill and practice or tutorial 
programs. Many decisions are typically required from the user of a 
simulation, and the user must have sufficient time to reason out the 
decisions and to reflect on the consequences of those decisions. Hur- 
rying students through a simulation may reduce the learning expe- 
rience to the level of a challenging drill, and that would defeat the 
primary purpose of a simulation activity. 

Fiflh, the level of interaction among students will be much greater 
than in drill and practice or in tutorial programs. Students should, 
for the most part, be working together on a simulation so that they 
can check their processes and decision making during the course of 
the program. Acquiring information on processes typically requires 
lots of feedback, and in simulations peers can provide some of the 
support mechanisms for this feedback. 
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MEASURING LEARNING IN A 
SIMULATION 

It is difficult to measure the effects of a simulation on students' 
learning. Measuring the effects of drill and practice programs or of 
tutorial programs is relatively easy; their intents are fairly narrowly 
focused, content communication. Getting at the processes that stu- 
dents acquire from using simulations, however, is much more 
difficult. 

One way to do this is to set up situations similar to those in the 
simulation and ask students to specify inputs that would cause given 
events to occur; that is, students are asked to cany out part of the 
simulation and, f;erhaps, to predict what would happen as a result 
of their decisions. This technique can be adapted to paper-and-pencil 
format, or it could be run on a computer. For example, in a nuclear 
reactor simulation students might be asked to identify the variables 
to alter, and to specify the values of those variables, in order to cool 
dovm a reactor that has begun to overheat. The teacher might not 
interested in the specific values that the student gives, but rather in 
the directions of the changes of values of those variables; if the student 
has identified the proper variables and has altered those variables in 
the proper directions, then the teacher may decide that the simulation 
has in fact communicated the appropriate relationships. This kind of 
"test" question could be prepared in paper-and-pencil form so that 
each student has the same conditions to work with. 

This technique does suffer from one possible defect: it may simply 
be measuring the practice effect of executing the simulation. Gerlach 
and Reiser (1976), for example, said essentially this in a review of 
noncomputer simulation games; students learned to "plav the game" 
but did not seem easily able to transfer what they learned to standard 
school tasks. On the other hand, designing new situations that would 
require or encourage students to use the same processes as are mod- 
eled in the simulation is usually a very time-consuming and/or difficult 
task. Authors of simulations probably should have the responsibility 
for creating these parallel situations; it should not fall to the teacher 
who wants to use the simulation. 

Another way to measure the effects of a simulation is to examine 
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the outcomes of several runs through the computer simulation itself. 
A teacher could set a goal for the end of the simulation — for example, 
building up reserves of $6.00 in an eight-day simulation of a lemonade 
stand — and students could be given three attempts to reach this goal. 
Although this seems to be a fairly objective way to evaluate the un- 
derstanding of the students, it too suffers from the same "practice 
problem" discussed earlier. Since a goal has become the criterion for 
success, students may be discouraged from focusing on the processes 
involved in rep^hing that goal. There certainly will be several ways to 
reach the goal, and the teacher may not have any clear idea of which 
way(s) students choose to progress toward it. 

A third way to measure the effects of a simulation is to watch the 
st-^dents play it; that is, observe the processes that students are using 
as they interact with it. Questions could be interjected to probt their 
understanding of what they are doing and why they are doing it. This 
may be the most enlightening of the ways, but it obviously takes an 
enormous amount of tinie, even for only a few students. Consequently, 
it is not reasonable ^or a regular classroom teacher wit^ 3 stereotypical 
class of twenty to thirty students. 

A compromise among these possible ways of measuring tht effects 
of simulations is perhaps the best solution that can be offered at this 
time. Some observation of students id necessary, at least during the 
first few times that the simulation is used. By sampling student be- 
havior, the teacher can become sensitized to the learning that is going 
on. Setting outcome goals and then giving students a chance to reach 
those goals might encourage interchange of information among stu- 
dents about the processes that are effective in reaching those goals. 
Peer teaching in these situations may indeed be a very powerful way 
for students to understand the simulation. After all, they are ap- 
proaching the simulation from a standpoint of relative ignorance 
about the interactions of the variables; their task is to try to identifv 
the ways the variables interact. The teacher, on the other hand, is 
likely approaching the simulation from a posii on of relativelv good 
understanding of the theoretical interactions that are supposed to be 
modeled by the simulation. Teacher communication of the relation- 
ships may implicitly give away more substance about the theoretical 
interactions than the simplified version in the simulation actually 



60 



Simulations 



supports. It is important not to expect the simulation to communicate 
too much about the underlying theoiy; the simulation is only a sim- 
plified schematic instance of that underlying theon'. 

In addition to observation of studenio while they play, use of a 
paper-and-pencil "test" will likely prove useful in measuring the learn- 
ing effects on the class as a whole. Of particular interest is whether 
the students who quickly reached the teacher-specified goals actually 
demonstrate use of the processes that the teacher intended to be 
learned, 

A teacher can increase the likelihood that the intended learning 
outcomes will be reached by providing substantial classroom support 
for the simulation. This support can be provided in three ways: (a) 
setup, (b) monitoring, and (c) debriefing. Setup is necessary to focus 
students' attention on the processes that are important and on the 
variables that are involved in the simulation. Since the simulation 
environment is so rich in potential, and since students will tend to 
approacli the simulation in ignorance, they need to be given some 
assistance on how to separate the relevant from the irrelevant infor- 
mation. The rules of the interactions (for example, the limits on the 
values of the variables) need to be discussed so that the students can 
focus on the interactions themselves and not simply on the mechanics 
of making the simulation operate. 

Monitoring the simulation, in ways that have already been dis- 
cussed, is one means by which the teacher can determine if it is 
teaching the intended outcomes. If not, the teacher may need to in- 
tervene to refocus attention on the relevant attributes of the simula- 
tion. One risk in using simulations is that a student will discover some 
peculiar combination of values that causes something very unusual 
to happen. The "grapevine" in the classroom is frequently vei^' effective 
at encouraging sharing of this kind of information. However, it may 
be a seiious distraction to the intended instructional objectives of the 
simulation. The teacher must then make a decision on whether to 
intervene to bring the students back to the intended task or to use 
that unusual event as a springboard for discussion of the larger sit- 
uation involved. 

Debriefing is important to determine some of the things that stu- 
dents learned and to allow them to share their learnings. One im- 
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portant problem-solving heuristic is looking back at a solution to 
determine if there are ways of improving it or if other solutions could 
be used. Students can help each other make these determinations 
during a debriefing session. 

Measuring learning resulting from a simulation activity is difficult. 
As noted by Gerlach and Reiser (1976), research on simulations has 
often omitted a clear specification of exactly what the students were 
supposed to learn. Without this specification, learning is likely to be 
missed or at least mismeasured. The problem of measuring effects 
of simulations is quite specific to each sin;ulation. Teachers must be 
alert to this problem and plan prior to Ui:e of the simulation for 
measuring appropriate learning outcomes. There is much potential 
for learning inherent in the concept of simulations, but correspond- 
ingly serious attention must be given to finding ways to measure that 
potential. 



SIMUiJVTIONS IN THE 
PRIMARY GRADES 

Given the students' level of sophistication at dealing with content in 
the primary grades, there will be relatively few opportunities to use 
simulations. Most simulations require, at a minimum, fairly good 
reading skills as a critical part of the interaction, and young children 
may not have sufficient skills to engage in thi? kind of interaction. 
Too, the cognitive level of primary-grade children may be too low to 
allow them to interpret relationships among variables accurately. 

A few simulations, however, especially in the area of simple "eco- 
nomics" might be appropriate — for example, running a store or a 
small business. After all, "playing store" has always been a popular 
activity in these grades. Most uses of this activity have been to learn 
standard content, such as making change. Partly this emphasis is 
because of the difficulty in monitoring and measuring understanding 
of relationships among important variables, but, more critically, when 
primary-grade students themselves have all of the responsibilities of 
carrying out a simulation of a store, no one can be sure that the 
variables are being dealt with accurately. By having the computer run 
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Figure 5.1 Apple stand simulation 

From MECC, Elementary, Volume 3, paj^es 22-23, 

the simulation, the teacher can be sure that the variables interact 
properly. The teacher and the students can then focus their attention 
on understanding the relationships. 

One appropriate simulation is Sell Apples (MECC, 1980a). This 
simulation involves only two variables, price and sales, but only one 
of these, namely price, is under the control of the user. Clearly the 
simulation is too simple, and it thus runs the risk of teaching mar- 
ginally incorrect concepts, so the teacher is encouraged in the print 
support materials to help students identify other variables that may 
play a role in running a fruit stand in ^he real worid. These additional 
variables probably cannot be studied thoroughly, but the students can 
at least be sensitized to the potential oversimplification of the 
program. 

The print support materials provided with this simulation are one 
of its strengths. Explanations are provided for the teacher on how to 
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prepare for the simulation (setup), how to use the simulation in class 
(monitor progress) through both whole-class demonstration and 
small-group or individual decision making, and how to follow up 
through class discussio. . (debriefing) after everyone has used the sim- 
ulation. These materials would have to be adapted to fit the maturity 
of a particular group of students, but the outline is provided to aid 
in effective lesson-planning. 

A simulation like this one might best be used as part of a unit on 
roles that people play in society. Business people provide services to 
the community, but they are faced with a multitude of decisions in 
order to remain solvent. One of these decisions is how to set a price 
for a product, and that decision in turn affects the amount of product 
t'^at they sell. Finding the best price, if total profit is the goal, is 
Qitficult and may often be a trial-and-error event. This simulation 
would help students gain a feel for that. 



There are many simulations that might be used in the intermediate 
grades, for example. Lemonade Stand (Apple, 1979), Oregon (MECC, 
1980c), and Odell Lake (MEL^, 1980b). These cover content, respec- 
tively, in economics, social studies, and science. Since many of the 
students will not yet be in the formal operations stage, some difficulty 
may be encountered with any simulation that deals with more than 
two or three variables. If the number of combinations of values of 
variables becomes too large, students may not be able to deal system- 
atically with all of the possibilities. 

One appropriate program for the intermediate grades is Sell Bi- 
cycles (MECC, 1980a), which is a more sophisticated simulation of 
running a store. It involves several variables: production level, adver- 
tising budget, and selling price (all under the control of the user), 
production cost (fixed each quarter by the program), and random 
events, such as a burglary (completely controlled by the program). 
Two "companies" compete against each other, tlie first to reach a 
fixed level of assets being the winner. 
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Figure 5J2 Bicycle store simulation 

From MECC, Elementar}', Volume 3. page.s 37-;i8 



Again, Sell Bicycles offers a variety of print support materials for both 
the teacher and the student, not only for use during the simulation (e.g., 
record-keeping sheets) but also as follow-up activities (e.g., problem-solv-, 
ing tasks). This simulation, like all othere, depends for its effectiveness on' 
substantial teacher support. Focusing students' attention on relationships 
is not a simple task, but it is an important one. 

A more fancily packaged simulation is Oh, Deer! (MECC, 1983) 
which involves management of a deer population over a five-year 
period. The variables involved in this simulation are not so obvious 
as in the previous example; the user may not clearly understand how 
decisions affect the changes in deer populations. Thus, debriefing for 
this simulation becomes very important. 

After being presented with some preliminary information, the user 
must make a management decision for the first year (Figures 5.3 and 
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Figure 5.3 Preliminary information 
From MECC, Oh, Deer!, pages 4, 6 
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5.4) . After each year, feedback is provided so that progress can be 
charted. The feedback even includes citizen approval rates (Figure 

5.5) . As in Sell Bicycles, there are random events — for example, a 
fire — and at the end of the five-year period a summary chart is pro- 
vided (Figures 5,6 and 5.7). 

The support materials for Oh, Deer! are extensive. They even in- 
clude study materials for students (and teachers, too) on principles 
of wildlife management. Few other simulations give this kind of sup- 
port, even though it is probably essential for efTertive use of any 
simulation. 
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Figure 5.4 Choosint^ actions 
From MECX:, O/z, I)rer\ })«i^c 7 



CONCLUSION 

Computers in the classroom provide an opportunity to use simulations 
that simply wouldn^t exist without the computers^ capabilities. No 
teacher could even hope to be expert enough in all areas to develop 
ai)proi)riate simulations in them all. Too, noncomputer simulations 
tvjjically require so much computation by users to determine the 
consequences of decisions that the simulation l^ecomes too much 
dnidgery. By having the computer take over the drudgery part and 
by reiving on the author of the program to ix)s.sess the knowledge to 
make the simulation more or less accurate, the teacher is freed to 
locus on the instructional use of the simulation. 
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Figure 5.5 Feedback 
From MECC, O/i, I-)eer\ page- 9 



Because simulations are so new to the classroom, research on their 
eflFectiveness is only beginning. Generalization of results of research 
on noncomputer simulations, mostly at the college level, suggests that 
positive eflFects will not frecjuently be found. However, ihemost critical 
learning eflFect of simulations, namely, understanding of relationships 
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Figure 5.6 Random events 
From MECC. Oh, Deer\ pagv 10 



among variables, have often been ignored in that research. Perhaps 
by frvcusing attention on these understandings, teachers can demon- 
strate both that simulations really do teach and that students can 
learn this cognitively sophisticated content much earlier than perhaps 
most people would expect. 
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Figure 5.7 Summary information 
From MECC, Ofu Deer!, page 11 
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Classroom instruction is typically paced for the group (class) rather 
than for each individual in the group. Consequently, both lost learning 
and incorrect learning may unintentionally be created in a class. The 
former might cause gaps in performance (e.g., I don't know what to 
do next.) while the latter maybe exhibited in incorrect responses (e.g., 
The plural of goose is gooses.). Diagnosis is a means for identifying 
both lost and incorrect learning. After a correct diagnosis has been 
made, remediation can be focused on the precise difficulties that a 
student is having rather than on a general set of possiole difficulties 
that might or might not apply to a particular student. Ideally, lAch 
remediation will be both effective at correcting the difficulty and 
efficient of the student's and the teacher's time. 

Diagnosis procedures are certainly applicable to a wide range of 
elementary school content; for example, mathematics, science, lan- 
guage arts. However, because of the novelty of diagnc^if: techniques, 
and because more wori^ seems to have been done in diagnosis in 
mathematics, most of the examples in this chapter will deal with 
mathematics. 



Diagnosis in this situation is any procedure that a teacher can use to 
determine the lost or incorrect learning. Typically, it is accomplished 
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either through personal inteiriews of students while they are working 
or through examination of responses on specially designed tests. Either 
procedure requires considerable time of the teacher. In the first case, 
in fact, the teacher must not only spend time interviewing students 
but also arrange for some self-directed activity for the rest of the 
students in the class. In the second case, because students are not 
physically present to explain the work that has already been done, the 
teacher must make many inferences about what they might have been 
doing; the teacher does not have the option of presenting more e- 
ercises for students to complete as a check on those inferences. 

Hopkins (1978) noted that "it would appear that a teacher could 
spend the entire year diagnosing particular strengths and weaknesses 
of children, at the expense of the introduction of new skills and con- 
cepts" (p. 49). Sovchik and Heddens (1978) also noted that "there 
may be some time for in-depth diagnosis but an in-depth case study 
for each student in a class of thirty is impractical" (p. 47). This 
suggests that some other means of performing diagnoses needs to be 
developed for teachers so that diagnosis becomes a regular part of 
the elementary school classroom. 

It is important to recognize that there is a difference between an 
ERROR and a MISTAKE. A mistake is an incorrect answer given in 
response to a particular exercise or question. An error, on the other 
hand, is a consistent pattern of mistakes made in response to a series 
of similar exercises or questions. For example, a response of 6X0 = 6 
is a mistake; but the set of responses, 0x5 = 5, 2-1-0 = 2, 9X0 = 9 
and 6X0 = 6, is an error, possibly indicating confusion of multipli- 
cation and addition basic facts when one of the terms or factors is 
zero. One mistake may or may not require remediation, but an error 
always does, since it represents a misunderstanding of a concept or 
skill Diagnosis is designed to determine the errors (not the mistakes) 
that a student is making so that they can be corrected. 

One of the reasons that errors are typically difficult to remediate 
IS that most errors produce the correct answer to some exercises. For 
example, the confusion of addition and multiplication described above 
actually gives the correct answers for addition basic facts. The student 
may not consciously recognize that there is any confusion in her/his 
procedure, so each time a correct answer is reinforced, the entire 
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wrong process is being strengthened in the student's mind. This more- 
or-less random reinforcement is veiy powerful in shaping behavior. 
Teachers maybe unaware of the frequency with which they uninten- 
tionally reinforce wrong processes. 

Ginsburg (in press) has identified five types of diagnosis: normative 
comparison (e.g., comparison of a student's addition skills wit^ other 
students' skills), testing for performance (e.g., identifying whether a 
student can add with cany), cognitive analysis (e.g., identifying the 
processes used in adding), assessnrient of learning potential (e.g., iden- 
tifying whether a student is capable of learning to add), and obtaining 
an integrative portrait (e.g., identifying the psychological processes 
that characterize a student's functioning in mathematics). The error 
diagnosis procedures discussed in this chapter apply only to the first 
three types of diagnosis. The last two are so little studied that trying 
to develop computer programs to accomplish them is very premature. 



HOW CAN COMPUTERS 
DIAGNOSE? 

One possible technique for performing diagnosis is to create computer 
programs that can perform a diagnosis. This diagnosis might be ^ 
separate program designed only to provide an indication of the errors 
a student is making, or it might be part of other instructional software. 
Some diagnostic programs have already been written on an experi- 
mental level, but incorporating diagnosis into regular CAT materials 
is in a very primitive stage. 

Travis (1978), Woerner (1980), and Travis "id Carry (1983) have 
all given attention to the development of diagnostic computer pro- 
grams. In essence their approach is for students to complete a special 
paper-and-pencil diagnostic test and then to type the answers into a 
special computer program. That program matches the particular re- 
sponses typed in with responses stored in the program, which are 
examples of particular pre-identified errors. When the student s re- 
sponses match these predicted wrong answers, then a diagnostic mes- 
sage can be given either to the student or the teacher, or a particular 
remediation activity can be specified for the student. This procedure 
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for computer diagnosis of errors takes the task of analyzing a diag- 
nostic test away from the teacher and gives it to a computer. The 
student, however, still has to complete the diagnostic test in paper- 
and-pencil form before there is any interaction with the computer. 

A perhaps better technique would be to let the student interact 
with the computer and have the computer analyze his or her work 
almost instantaneously, much as an interviewer would do in a one- 
on-one situation. This is technically more difficult to program, since 
the programmer does not know beforehand exactly what form the 
student's work might take. This technique also requires fairly great 
computer power, and it may not be possible to implement it on all 
microcomputers because of their limited capabilities. 

One version of this technique for addition basic facts has been 
developed b>' Jensen (1982). His program provides some remediation, 
but if that remediation is unsuccessful, the program "locks up" the 
keyboard and prevents the student from continuing until the teacher 
has intervened. The program identifies for the teacher the error (or 
perhaps the mistake) the student is making, and the teacher can 
choose to remediate it oflF-line or to work through the program with 
the student. Neitht. the pro.gramming techniques nor the logic behind 
the program, however, were explained. 

Another implementation of this technique has been proposed by 
E.ight (1984a) and has been incorporated experimentally into a CAI 
program that provides drill and practice on multiplication of decimals 
(Bright, 1984b). The approach used depends on a thorough analysis 
and determination of almost all of the errors that might be made by 
students in performing this skill. These errors are incorporated into 
the program so that as each problem is generated, the computer can 
compute the particular wrong responses that students are likely to 
make. Each response of the student is matched to this list of potential 
wiong answers, and whenever a match is found, that information is 
stored. When enough matches are made with any particUi^ir error, 
the computer describes that error for the student and then explains 
why that error is not correct. 

Another approach to diagnosis his been taken bv Brown and 
Burton (1978). Thex modeled student errors in the subtraction algo- 
rithm by breaking down the steps of that algorithm into small units 
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and then reconstnicting incorrect student processes by combining 
these units in various ways. In the description by Barclay (1982) of a 
resuhing program, called BUGGY, a series of incorrectly worked ex- 
ercises is presented. When the user signals to the computer that s/he 
knows what the error is, the computer asks for a written (typed) 
description of the error and then checks the solution by presenting 
more problems for the user to work in the same incorrect way. If the 
user's incorrect answers match the computer's, the user is credited 
with a correct analysis. The program has no way to analyze the written 
description given by the user. 



In some situations it is important for the teacher to take students 
aside and determine the particular difficulty that they are having. In 
these cases the proper computer use would be a program that only 
provides the diagnosis. This would seem most appropriate when a 
student has repeatedly been unable lo learn material either through 
whole-class instruction or through whatever individualized attention 
the teacher has been able to give. Such behavior would indicate that 
there is a fundamental misunderstanding about the material that 
needs to be corrected. (Of course there is the possibility that the 
student has a learning disability, but this book will not address the 
ways that such learning disabilities can be identified.) 

A second and potentially very effective way of using computer 
diagnostic capabilities is to incorporate those capabilities into ordinary 
CAI. For example, in a drill and practice program on alphabetizing 
words, it would be possible to determine systematic errcis that a 
student is making (e.g., reverses the order of P and Q). By making 
this determination after only a few practice exercises, it would be 
possible for the program to provide remediation of those en ors before 
they were embedded in the student's cognition. 

The effort needed to remediate these eiTors 3 they are first being 
developed is presumably considerably less than the effort needed to 
remediate them after the student has practiced the wrong procedures 
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many times. That is, the amount of "unlearning" for the student is 
quite a bit less if the errors cai. be detected as they are developing. 
This would help combat one of the frequent criticisms of typical 
individualized programs; namely, that the student is left to her/his 
own devices too much of the time. Students can develop wrong pro- 
cedures that work often enough so that the students may not be aware 
that the procedures are not v/holly correct. By the time the teacher 
finds out, the eflFort needed to remediate the errors is enormous. 

Diagnostic capability could be built into any kind of CAI— drill 
and practice, tutorial, simulation, or game. Whenever students are 
asked to do the same kind of exercise repeatedly, there is the possibility 
that they will do the exercise with some kind of incorrect process. 
That is the situation in which diagnostic capability is desirable. 

Too, so little is known about how students remember information 
that even if they have demonstrated mastery previously, there is the 
possibility that new errors will ere .p into their work. These new errors 
may go undetected for a long time simply because the teacher expects 
that the work will be correct and may attribute any mistakes to 
"carelessness." 

In a drill and practice program, in particular, it seems essential 
that diagnostic procedures be built in, if the quality of such programs 
is to inc. ^ase significantly. Drill and practice is designed to be used 
either to firm up a student's skill or understanding of a topic early in 
the learning of that topic, or it is designed to help a student maintain 
skill or understanding. In the first case the student's performance is 
likely to vary quite a bit. If the errors that are exhibited are not caught 
early, the student may actualJv learn the wrong skill. In the second 
case interference in remembering the correct processes may occur 
because of new material that has been learned since the particular 
skill was first mastered. Diagnosis at this point in teaching would be 
designed to eliminate such interference. 

Tutorials, because th^y are designed to teach new material, usually 
check to be sure that the concepts or skills are not learned incorrectly. 
Hence, most tutorial programs give considerable attention to finding 
out what students are actually learning and to correcting whatever 
misunderstanding may have developed. This is typically done by care- 
ful selection of questions that give students opportunities to make the 
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most common mistakes. Remediation is provided whenever a response 
is given that matches one of these common errors. In some sense this 
is not quite diagnosis, since there is usually not a sequence of similar 
mistakes to diagnose. Tutorials might be made more effective, how- 
ever, if more opportunities were provided for students to demonstrate 
mistakes in a sequence of exercises. The development of techniques 
for incorporating diagnosis into GAI will give authors of tutorials the 
chance to make more accurate diagnoses based on a series of exercises 
rather than on only a few carefully chosen questions. 

Games and simulations typically assume that students understand 
the content necessary to participate. In most cases this assumption is 
justified, and in most circumstances any diagnostic procedure that is 
built into such a program would not be needed. If a student responds 
correctly to all of the exercises, there is nothing to diagnose. However, 
for those students who have not learned the content, diagnosis might 
be especially helpful. 



WHAT GOES INTO A 
DIAGNOSIS PROGRAM? 

The primary difference between a computer diagnosis program and 
a teacher-administered procedure is that the computer program must 
be totally self-contained. A teacher who encounters an unexpected 
student response can evaluate that response and make an at least 
reasonably appropriate reply based on previous experience with the 
content and with students. Computers, on the other hand, can only 
process responses within the limits of what has been built into the 
program itself. Hence, procedures must be programmed so that all 
student responses get replies that make sense. 

The first step in designing a diagnosis program is to make a clear 
delimitation of the content to be diagnosed. If too much content is 
included, the program will fast become too complicated, for there 
will be too many potential errors to deal with. 

Second, curriculum practices for the content must be identified. 
These include sequencing of prerequisite material, sequencing of in- 
structional moves, and identifying the symbolism used to commu- 
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nicate the material. Some errors may be directly related to a particular 
sequence of presenting the material, and this must be taken into 
account in the program. 

Third, potential errors that students might make must be listed. 
One source of this information is the literature on student errors, but 
other sources are analysis of the content itself and previous experience 
in teaching the content to students. This last source is particularly 
important if the errors are related to particular instructional strategies. 
This step in developing a diagnosis program is probably the most 
critical for having a program that is usable, ^nitial trials of any di- 
agnosis program will reveal errors that were overlooked; such initial 
trials are essentia' before a diagnosis program is made commercially 
available. 

Fourth, a procedure must be developed for turning a student's 
wrong responses into a specification of the error(s) being committed. 
This procedure must be completely algorithmic, for it must become 
part of the computer program. This is probably the most difficult 
part of writing a computer diagnosis program, but without such r. 
procedure, there could be no diagnosis program. As more research is 
conducted on the development of diagnosis programs, a variety of 
techniques will become available for programmers to use, and as 
programmers gain experience with diagnosis programs, the proce- 
dures will become more efficient and more sophisticated. These pro- 
cedures have to do what an experienced teacher might do in analyzing 
the mistakes to identify the underlying error. 

Fifth, the program must kf •ep records of the student's performar.ee 
and the particular diagnosis determined. Such records would be useful 
to the classroom teacher for follow-up with students who are having 
severe difficulties. With even current microcomputer technology, such 
records can be kept unobtrusively on disk so that the teacher can 
retrieve them after the student has completed the program. 

Sixth, a diagnosis program should provide some documentation 
for the teacher on how remediation might be accomplished. This 
might be in the form of a user's manual or it might be automatically 
stored along with the records of a student's performance, 30 that as 
a teacher retrieves those records the remediation suggestions are au- 
tomatically printed out. 
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Finally, as the curriculum changes and as research reveals new 
information, understanding of the possible causes of mistakes may 
also change. That is, the particular mistakes may not change, but the 
underlying errors may be reconceptualized. For example, mistakes 
that in the early twentieth century were viewed primarily as careless 
have more recently been viewed as instances of incorrect but con- 
sistently applied, student-developed algorithms. Currently, evidence 
is mounting that those errqrs may reflect algorithms that are incom- 
plete, perhaps in only one place, rather than wholly incorrect (e.g., 
Brovm and Burton, 1978). No diagnosis can be cast in stone, so pro- 
vision ne*" is to be made in any diagnosis program for upgrading the 
diagnosis-ci '^ating process. 



There are very few conunercial examples of diagnosis programs or of 
diagnosis procedures in other kinds of CAI. Thus, only two examples 
uill be provided. 

Figure 6.1 presents screen displays for a diagnostic test written in 
microcomputer format. The screens show a typical question that 
might be asked and the summary information provided at the end of 
the testing session. v<,uestions for most diagnostic tests are in this 
multiple-choice format because of the ways that errors aie diagnosed. 
As a result, only a few patterns in the responses of the students can 
typically be recognized. This severely limits the range of applicability 
of such a test, and if the number of patterns is too small, the student's 
errors may be forced to fit one of these patterns. In this case there is 
the risk that the diagnosis will be incorrect. 

Diagnostic tests of this kind are typically built from a list of ob- 
jectives that are expected to be mastered. The objectives may be in a 
hierarchy, with many interdependencies, but that is not necessary. 
They may merely be a list of things that students are supposed to be 
able to do. The diagnosis will indicate those objectives that have not 
Deen mastered. In the case of many dependencies, the test may abort 
if a student misses one or two objectives early in the hierarchy. 
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REPRESENTATIVO OUTPUT 

Objectives Missed 

Decreasing Patterns 

Sums fran 20 to 100, No Regrouping 

^'Digit and 2-Ibgit Subtraction, ?to 
Regrouping 

Factors Between Five and Ten 
One-Digit Divided by One-Digit 

Represcntat've Output 



r 
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2-Digit--l 
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Factors Less 
Than to Equal 
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Division 




One-Digit Divided 
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Figure 6.2 presents screen displays from a drill and practice pro- 
gram that also diagnoses students' errors. This particular program 
provides a diagnosis after the same error is encountered three times. 
That cutoff is an instructional decision of the programmer and is not 
related to the design of the program. 

It should again be noted that an error may also produce correct 
answers occasionally. The particular error diagnosed in Figure 6.2 
produces the correct answer when the product of the non-zero digits 
has two digits, as in the case of the second exercise. Diagnosis-creating 
procedures must take this phenomenon into account. 



HOW CAN DIAGNOSIS 
PROGRAMS BE USED? 

The major focus in teacher education programs, both preservice and 
in-service, seems to be on the initial teaching act. That is, how does 
a teacher present information the first time?Veiy little attention seems 
to be given to identifying ways in which that same content can be 
retaught to students that did not learn the material through whole- 
class instruction. Diagnosis programs would seem to fit best into 
teaching sequences that emphasize the reteaching act. 

To use diagnosis programs requires understanding a three-step 
cycle for this reteaching act. First, ^appropriate times in a teaching 
sequence need to be identified when a diagnosis program might be 
used. Certainly it should not be used after every mistake is encoun- 
tered. Rather, major concepts and skills i^eed to be identified which, 
if th^ are not learned correctly, will hinder the progress of students. 
Diagnosis programs would probably best be used at the point o'' 
teaching these major ideas. 

Second, remediation techniques that attempt to correct the errors 
identified by the diagnosis program need to be developed as part of 
the teacher's repertoire. For some content (e.g., arithmetic) a wide 
variety of techniques are available (e.g., Ashlock, 1972). For most 
content, however, the techniques for remediation are scattered 
throughout the professional literature and presentations at profes- 
sional meetings. Teachers have to work hard at finding them. 
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Figure 6£ Screens from dnll and practice with diagnosis 
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Third, teachers need to follow up on the diagnosis-remediation 
cycle. The effectiveness of the remediation strategies needs to be as- 
sessed, perhaps with further diagnosis. 

After teachers are comfortable with this three-step cycle, they can 
begin to use diagnosis programs in more creative Avays. One potentiai'y 
very important way is as a measure of the effectiveness of their own 
teaching. By using a diagnosis program prior to teaching some content, 
the teacher can determine what understandings the students are 
bringing to the teaching. By using the same diagnosis program after 
teaching the content, the teacher can determine what understandings 
the students actually developed as a result of the instruction. The 
teacher can then identify whether the intended learning and the actual 
learning were the same. If not, then the instruction would need to be 
examined to find out possible reasons why students learned something 
different than what was intended. 



EXAMPLES OF ERRORS IN 
THE PRIMARY GRADES 

Ginsburg and Allardice (1984) have reported an error made by a third- 
grade student ; this error shows the range of behaviors that a diagnosis 
program must be prepared to deal wnth. 

When asked what he is doing in school, Butch says he is working 
with fractions: 

Inten^iewer: Fractions? Can you show me what you are doing 
with fractions? 

(Butch writes 8/16 J 

Interviewer: Okay. So what does that say? 
Eutch: 8, IG. 

Interviewer: 8, 16. Okay. What do you do with it? 
Butch: You add it up and put the number up there. 
Interviewer: Okay. What is the number? 
23 

(Butch writes 8/16.) 
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Obviously, Butch is doing something unusual. He confuses division 
with fractions, and he cannot calculate simple division, (p. 195) 

More common errors are those reported by Brown and Burton (1978) 
for addition; for example, misalignment and diagonal addition. 

Misalignment: 34 
64 

Diagonal 46 
addition: -h _2 

68 



All of these errors are potentially identifiable by computer diag- 
nosis procedures. In the primaiy grades it is very importrnt that 
teachers build strong basic understandings so that learning in later 
grades does not suffer. Diagnosis programs can help teachers check 
on the level of understanding that students develop. 



EXA MPLES OF ERRORS IN 
INTERMEDIATE GRADES 

Behr, Lesh, Post, and Silver (1982) have extensively studied the diffi- 
culties that students liave in representing fractions on a number line. 
Since the number line is a pervasive model for fractions in elementary 
school, it is indeed important to know the errors that students make 
in dealing with that model. The errors are typically conceptual errors, 
which are more difficult to identify and to remediate than errors in 
algorithms. For example, identifying the wrong unit is a common 
error. In Figure 6.3 a student who exhibited thh error would name 
X with the fraction, 4/6, rather than 4/3 or 1 1/3. 

Travis (1984) has given attention to errors in the multiplication 
algorithm; and although the subjects in her study were not elementary 
school students, the errors are typical of those made by intermediate 
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X 



0 



4 

X ^= - 
6 
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4 

X --^ - 



Figure 6^ Example of mislabeling of fraction on number line 

grade students. One of the most common errors seems to be the 
misplacement of a partial product; that is, misalignment of digits of 
the partial products. A misplaced partial product will have a value 
that is an order of magnitude off (either ten times as much as, or 
one-tenth the value of, the correct value). This kind of error-trapping 
is easily caught by a computer, whose best feature is perhaps manip- 
ulation of numerical values. 



Diagnosis of errors is a use of computers that has rarely been taken 
advantage of by designers of educational software. It seems to have 
great potential for enhancing learning, but the research and devel- 
opment effort needed to achieve that potential is quite large. One of 
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409 
!< 285 

<o-f-f by orders 

of magnitude) 



6135 

Correct product = 116565 

Figure 6^ Sample error in multiplication algorithm 

the ways to push this development is by teachers' insisting that di- 
agnosis procedures be included in most, if not all, educational soft- 
ware. The very limited research that has been conducted on the use 
of diagnosis, in both computer and noncomputer forms, suggests that 
students would benefit from its inclusion on a regular basis in 
instruction. 

The development of programming techniques to allow diagnosis 
in software is one aspect of the growing computer science field called 
artificial intelligence. The claims for the ultimate usefulness of arti- 
ficial intelligence may be overblovra, but until more systems are in 
operation, no one will Ijiow for sure. It seems certain that it will 
remain a heavily researched field for many years to come, and students 
can only benefit from breakthroughs that are sure to come. Computer 
diagnosis will become more and more common in educational soft- 
ware, but the exact implementations may not be any of those described 
earlier. Teachers must simply watch for developments to occur and 
be ready to take advantage of them as they happen. 
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Evaluating 

Instructional Software 



In principle, the goals of and the processes for evaluating instructional 
software (both computer-assisted instruction and utility software such 
as a word processor) are the same as for any kind of instructional 
material. However, in practice there are important differences that 
overshadow the similarities. 

For instructional materials in print format it is easy to get an 
overview of the kind of instruction that is going to be provided. The 
entire product can be studied all at once, and a teacher can digest 
the essence of the instruction by skimming through the material. 
Although some subtleties may be overlooked this way, typically few 
surprises are in store for the teacher who uses the item in class. Even 
with films or tapes, the teacher can preview the item and be confident 
that the students are going to be exposed to exactly the same images 
that the teacher saw. One complication raised in the evaluation of 
films and tapes, however, is that the teacher usually cannot speed up 
the rate of presentation during the preview. It is not easy to skim 
through a film. Evaluation of these items, then, is slower than for 
print materials. 

In addition, the evaluation of instructional software is considerably 
more complicated. Much of the potential instruction for a particular 
student is hidden inside the program, and the teacher is typically 
given no clue as to the kinds of alternatives that might be called into 
play by unique combinations of students' responses to the questions 
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or exercises that are presented. Hence, the process of evaluating in- 
structional software is in a very real sense a contest, in which the 
teacher tries to tind out how the program might adapt to various 
student responses. 



WHAT IS THE PURPOSE OF 
EVALUATION? 

The primary goal of evaluating instructional software is to determine 
if it can be used effectively in a particular classroom. As with any 
instructional material, the teacher must first determine if the objec- 
tives of the software are consistent with and complementarv to the 
objectives already set for that classroom. Unfortunately, the objectives 
identified by the author of the software may not accurately reflect 
what the program actually teaches. Usually there are unintentional 
objectives of a program that only become known after some experience 
in using it. 

For example, in most versions of Hangman one hidden objective 
is to make the fancy graphics appear on the screen, with the graphics 
appearing only when a word is misspelled. At least that i^ what some 
students seem to assume is the objective. Of course, this outcome is 
not only different from the stated objective of the program but also 
counterproductive for that stated objective. A hidden objective of this 
type might not become obvious to a teacher without watching children 
use ^he software over a period of time. It does suggest, however, that 
teachers need to be alert for subtleties of this kind even during the 
initial evaluation of software. 

An important related concern is that the content presented in the 
program must be accurate. This means, for example, both that the 
technical content must be correct and that the manner of presenting 
that content (e.g., spelling, grammar) must also be correct. This is 
similar to looking for "typos" in printed material, but again there is 
the disadvantage of not being able to see the entire product at once. 

Similarly, the pedagogy used to present the material should be 
carefulh' examined. For example, if a teacher were at the point of 
using drill and practice for completing the mastery of multiplication 
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basic facts, then a pro.gram that went back to careful and time- 
consuming development of understanding of those facts would be 
inappropriate. Such a program would be counterproductive for the 
instructional goals that had been established by the teacher. 

As a rule of thumb, all the considerations of instructional design 
that apply to other kinds of instructional materials also apply to in- 
structional software. Roblyer (1981), for example, has been particu- 
larly effective in presenting this case to people with computer 
background but without much educational background. The most 
important aspects of this case seem to be that the instructional soft- 
ware should be designed in the contpxi of what is known about how 
people learn and that the software should be fully tested to be sure 
that it teaches effectively and efficiently. The likelihood of obtaining 
high-quality software this way is considerably greater than through 
the perhaps-more-common procedu: of having a computer program- 
mer go oft' to write instructional software. 



WHAT TO LOOK FOR IN 
INSTRUCTIONAL SOFTWARE 

The things to look for in evaluating instructional software fall basically 
into three categories: instructional design, appropriate use of com- 
puter capabilities, and technical quality. Each of these categories can 
be further broken down in a variety of ways. 

Instructional design, as already pointed out, involves the correct- 
ness of the content presented, the correctness of the manner of pre- 
sentation, and the soundness of the pedagogy employed. Most teachers 
soon develop a "sixth sense" for instructional design flaws in printed 
materials. Unlike printed materials, however, instructional software 
must be examined for its hidden objectives. These may be prompted 
by the particular ways in which the computer is used or by the par- 
ticular approach used to present materiaL In simulations, for example, 
the hidden objectives may be understanding some inadvertently pre- 
sented relationships between the variabJes in the program. Identifying 
these hidden objectives may be difficult, and Iheir effects may not 
surface with a first or even second trial run. 
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Appropriate use of computer capabilities is an important category 
to consider, especially if computing equipment is in short suppiy. The 
use of computers to provide instruction in ways that other materials 
could do better is wasteful of resources. Perhaps more important, 
however, is that an inappropriate use of computers prohibits others 
from using the equipment to accomplish goals that might not be 
attained without computers. This is wasteful of human resources and 
leaves teachers open to potential criticism. 

There are two primary misuses of computer capabilities in the 
existing commercial instructional sotlware. First, computers are too 
often used as electronic page-turners, and second, too many fancy 
graphics and sound options are used in ways that are totally extraneous 
to the content being presented. 

Using the computer as an electronic page-turner is often the first 
approach beginning programmers take for developing instructional 
software. i\vo reasons for this may be: first, PRINT commands are 
often the first commands learned in a programming language, and 
they are both relatively easy to use and relatively powerful in getting 
information on the screen. Second, p)eople who are jurt learning to 
program are often fascinated with the speed with which large 
amounts of information can be presented on a monitor screen. How- 
ever, using computers to present information in this way is not very 
cost-effective. Printing, photocopying, and dittoing are far cheaper. 
The printed mode allows readers to read as quickly or as slowly as 
they like and to do the reading in virtually any setting; there is no 
need, for example, for access to an electrical outlet. A rule of thumb 
is that if more than three or four screensful of information are pre- 
sented sequentially, the computer is not being used appropriately. 

The use of too many fancy graphics and too much sound is often 
the second phase that programmers go through in designing instruc- 
tional software. Apparently one of the strongest motivators in keeping 
students involved in CAI materials is the combination of graphics and 
sound. Hence, most beginning programmers, if they intend to produce 
instructional sofhvare, want to learn how to control the graphics and 
the sound. Once they learn how to do some creative things, they feel 
obliged to do so in every program they write. This obligation arises 
from programming concerns, however, not educational concerns. 
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Teachers must insist that any graphics and sound be used primarily 
to improve the quality of the learning and not to make the programmer 
feel satisfied. 

Graphics and sound are most often used to provide reinforcement 
of correct or incorrect responses. As an occasional reinforcer, this is 
good educational practice, but for repeated use, such as in a drill and 
practice program, it is probably inappropriate. The sound and graph- 
ics start to get in the way of learning the content. 

An appropriate use of graphics and sound can be seen in the 
program. Lemonade Stand (Apple Computer, 1979), which is a sim- 
plistic simulation of operation of a lemonade stand. At the start of 
each "day" a weather report is given through the dual device of a 
picture Oi" the appropriate weather and the playing of a few bars of 
an appropriate song. One of the variables that students are supposed 
to keep in mind in the operation of the lemonade stand is the kind 
of weather for the day. Hot, diy days should result in greater demand 
for lemonade than cool, rainy days. However, the program designer 
didn't want sirnply to tell students that this is ii -portant. There was 
a need, therefore, to call attention to this variable without explicitly 
telling how it would be related to the goal of the simulation. The 
graphics together with the sound highlight the relevant information 
and at the same time give the students multiple means (sight and 
hearing) for remembering the information. 

Other appropriate uses of computer technology would include use 
of interaction between the user and the program, diagnosis of errors 
in students' responses, use of flashing mode or different speeds of 
printing to call attennon to pieces of information, drawing of dia- 
grams to illustrate concepts, using time limits for responses in speed 
drills, random selection of particular exercises or questions, and im- 
mediate feedback for each response. These options cannot easily be 
accomplished in noncomputer environments, and there is mounting 
evidence that they assist the process of learning. 

The technical quality of a program is somewhat more difficult to 
discuss without viewing instructional software. Basically, examination 
of technical quality is centered around the goal of keeping the software 
from "bombing out" while it is being run. That is, instructional soft- 
ware should always be protected from both intentional and uninten- 
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tional misuses by students. Some students set as a goal making the 
program quit running before the instruction is complete. These stu- 
dents learn a variety of techniques for attempting to reach this goal; 
for example, typing in a string of letters when numbers seem to be 
called for, typing a number with forty or fifty digits when the expected 
response is much smaller, or hitting the special keys on the computer 
keyboard (e.g., the ESCape key or the RESET key). High-quality in- 
3tmctional software will take these possibilities into account within 
the program and will protect the program from such abuses. During 
the process of evaluation of software, teachers should take on the role 
of such students in order to determine how careful the program de- 
signer has been. 

One particularly good source of information in testing the tech- 
nical quality of software is the Minnesota Educational Computing 
Consortium (MECC). On the basis of their experience, they have pro- 
duced a list of technical checks that teachers should use in evaluation 
of instructional software. Some of the most important of these include 
the following: 

1. When a response is called for, press the RETURN key only. 
The question shoula be repeated or help should be given. 

2. Answer a question with an extremely long string of char- 
acters. It should be processed satisfactorily. 

3. Answer a question and then press the RETURN key twice, 
quickly. The next question or frame should not flip past. 

4. Test to see that tne program will accept answers that are 
equivalent in context (e.g.. Saint Paul, St. Paul, City of St. 
Paul as the capital of Minnesota). 

5. When information is repeated, the screen display should 
not "scroll''; that is, the printing should not disappear off 
the top of the monitor screen (MECC, 1980, p. 22). 

EVALUATION FORMS 

Fortunately, teachers do have some help in conducting evaluations of 
instructional software. A variety of evaluation forms provide a frame- 
work within which to make systematic e^^aluations. 
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Your Naine(s) : 
Program Name: 



1. How appropriate is computer use -For this activity"* 



2. Are the goals o-F the program clear'' (What are they"*) 



7'. Does t!)e activity in the program -focus on these goals'* 



4. Are the instructions clear"* (I-F not, why"*. 



5. How uride^r = tandabl e is the -format of the outpnf^ 



6. How good IS the continuity r?f the G'.itpi.it"* 



7. How vulnprable^ is the program to input mlsta^es"* 



8. How appropriately is reinforcement usp^d"'' 



9. Are the special -features o-f this microcomputer used well"* 



Figure 7.1 MECC Software Evaluation Form 

MECC (1980) has developed an evaluation form that focuses on 
getting an overview of the software. Questions 2,3,4, and 8 are related 
to the instructional design, questions 1 and 9 are related to the ap- 
propriateness of use of the computer's capabilities, and questions 5, 
6, and 7 are related to the technical quality of the software. A teacher 
could provide as much or as little information as necessary for future 
usefulness in response to these questions. 

Other evaluation forms have been developed by the National Coun- 
cil of Teachers of Mathematics, by the publication School Microware 
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Reuiew, and by Electronic Learning. These forms differ from the MECC 
form in that they provide a checklist of relevant questions rather than 
more general questions that require considerable interpretation on 
the part of the user. For this reason they are probably more useful 
for the occasinaal evaluation of software, such as will be done by 
most elem*:fntary school teachers. 

All of these forms attend to the three categories important for 
sofhvare evaluations. The specific questions, however, are slightly dif- 
ferent and represent slightly different emphases on various aspects of 
these categories. The particular evaluation form that a teacher uses 
as a model should be the one that will provide the most useful in- 
formation when the form is read in ♦he future, either by the same 
person or by other people who might want to have an opinion on a 
particular piece of instructional software. Probably most teachers will 
want to create a combination form that uses relevant questions from 
several available forms. 

TIME NEEDED TO EVALUATE 

As has already been mentioned, the time needed to evaluate ade- 
quately a piece of instructional sofhvare is considerably greater than 
that needed for more traditional kinds of instructional materials. The 
teacher needs to try out as many of the potential paths through the 
sofhvare as time wiW permit. Especially in tutorial or simulation soft- 
ware, the number of paths may be very large indeed, and certainly 
not all possible paths can be examined. However, at least some of the 
more representative paths do need to be traversed. 

Too, the teacher occasionally needs to act like a disruptive student. 
It is not uncommon for software to be carefully protected against 
such disruptions early in the program and then for a program designer 
to lapse into carelessness and let a "bug" slip in later in the instruction. 
This may represent the theory that students will quit tiying to make 
the program "bomb" if they are unsuccessful in doing so early in the 
program. As attractive as this theory seems, it probably is not accurate. 

While it might be desirable for all teachers to evaluate all software 
that might be used in their classrooms, it is probably iiot possible to 
expect them to spend the necessary time to do this. A more feasible 
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PROGRAM NAr.'E 
SUBJECT AREA 



-SOURCE 

_ REVIEWERS NAME 



1 INSTRUCTIONAL RANGE 

grade I eve! (SI 

- - - ^ — - ability level(s) 

2 INSTRUCTIONAL GROUPING FOR PROGRAM USE 

ind<v<duat 
_ Small group (<>ize ) 
. _ large group {size ) 

3 EXECUTION TIME 

minutes (estimated) tor average use 

4 PROGRAM USE(S) 

demonslraticn 

drtll or practice 

instructional gammg 

instructional management 

instructional support 

problem solving 



COST 
DATE 



high 



instructionat focus 

instf uctiOnal Significance 
soundness or validity 
compatibility w.th other materials used 
8 MOTIVATION AND INSTRUCTIONAL STYLE 
passive active 



high 



programming utility 

Simulation 

testing operations 

tutorial 

whistles and tjells 

word processing 

other ( 

5 USER ORIENTATION INSTRUCTOR S POINT OF ViEW 
low high 

flexibility 

freedom from need to intervene or a-^-btSt 

6 USER ORIENTATION STUDENT S POINT OF VIEW 
low high 

quality of directions (Clarity) 
quality of output (content and tone) 
quality of screen formatting 
freedom tfom need for external information 
freedom from disruption by System errors 
simplicity of liSPr mp'jt 



good 



9 SOCIAL CHARACTERISTICS 



type of student involvement 

degree ol student control 

use ot game format 
use of still graphics 
use of animattOn 
use of color 

use of vOiCe input and output 
use of nonvotce audio 
use ot I'Qht pen 
use of ancillary materials 
use of 



r 

^5- 



present and not present and 
negative present positive 



I Ompetition 
cooperation 

humaniZirig of computer 
moral 'ssues or value judgments 
summary of student per' rmance 
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Key to Terms: ^ Software Evaluation Checklist 

1 The grade (eveis anrt ability ieve,s for a particular program are pnmaniy aetermmed by the concepts ir voived Other im 
portart factors are read.rig level prerequisite skills degree of student control and mter^ded instructional use It is possible tor a 
program to be flexible enough to be used across a wide range of grade leveis and ab,hiy leveK 

2 S ne programs are designed for use by mduiduais Others have been or can be modn ed for participation by two or three 
persons at a time Simulations or demonstrations often pose opponjnme? 'or 'arge group interaction A g,ven program may be 
used 'h more than one grouping depending on the instructor » ^ » r 

3 The time -equired for the use of a program m\ vary considerably include load r g t,me *or cassettrs A 'ime range ,s the 
appropriate response here ^ ^ ^ 

4 Instructional programs can be categorized according to their uses Some programs ma, have more than one use thus 
falling into more than one of (he following categories 

Demonstration Used by a teacher for leading group discussion 

Drill or practice Assurres that the concept or skill has been taught merely reinforces 

/ 'ormational Ger rates data but does not dtrect Ihe use of those data 

Instructional gam ,g Focuses on dec.sion maktng v,,thin a game format involves random events and the pursuit of a wnning 
strategy ^ 

Instructional management Helps manage the learning environment by assuming mapr responsibility with respect to student 
assessment record keeping and generating learning prescriptions 

Instructional support Generates instructional materials helps locate instructional resources or aids m selecting ,nstruCt.onal 
products ^ 

Problem solving An algortthm that serves the problem solver dunng the exploration of a complex problem 
Programming utility Programs that help write other instructional programs 
Simulation An electronic sice of life 

Testing operations Provides services such as item banking test generation test scoring and item analysis 
Tutorial A dialogue between student and computer on a topic that is not yet understood by the student 
Whistles and bells DefTxxistrates features of the computer system- features that may be of value i- tnstructtonai applications 
Word processin'j Permits the efficient improvement of written materials 

5 These are factors relevant to the actua, use ot the program fro r, if pom; d view of an instructor 

or cor^ceSs ^ ^'"^'^"^ "^^^ ^""^ °' "^"^ ^""^ '° ^^''^ '^^^'^ degrees o' ditficutiy 

Interver^for or ass,sfance A rating of lo* means considerauie toachPr intervention or ass stance ,s required 

6 These are factors relevant lo ihe actual use of the program 'rom the poini ot view of a btLdem 

J^nZ"uZT!:Z '°""f .'^"""f = P'°9'='^ " -"aciirg c'.ne,ea I ,be,<. and vmt)nl5 should be 

meamr^giui W'lhin the given context 

j!!'^[r^'.ri^'ZZZZrt P^°9ram may require the user to have acce.s to ,n'ormat,or other than that provided w,lh,n it Th,s 
ToKs modeir!nd so^^ knowledge or knowiodge o' conventirPS u.ed by the r-rcqrarr. designer as wei, as maps 

SKsrem errors System errors result in the nvoiupiary terrr natinr nf the program 

shS' nrLmr^t thl'T'"^ ^"1°^ "^^'^ '"^ '"P^' ^'*P^^'^^ Student .nput rather than automatic tim.ng 

rh.rLrt^.rr^tl P^^^"^^^'°" °' new materia! on the screen and specific screen areas should be reserved for such inpu' 
exn, r 1? rt nn ^fJ meanings should be avoided however when they are needed such symbols should be accompanied by 
m n m Ud H k ^ I '^^T '^'^ '"^ '^''P'"^ ^^^^^'"^ »heir use The complexity of typed input should be 
minimized but should be sufficient to serve the l„ jrmng objectives of the program h u u ue 

7 These are matters relevant to thp subipct matter coniem cf ihe nrogr^im 

focus Thp program top c should be cieany defined and o( a scopp that nerm.fs thorc^uqh treatmeni 
JoZ'^'^nT ^""^ 7;;'^'^^''°;^^' Ob,eciivPs of the program must bo vew^-d as .mponant b. tn. nMn.ciOr Also thr- program 
s-^c.jld represont a val^tJ use of the computer s capabilities wh v mprov.rq 'h? ,f sifuci-f.nal procoss 

Soundr^ess or vai,(i'fy The concepts and terms empio,PdshoMln be cnrrect cle^r andprecsr OfhPr important laclor. are 
thP ratP of presentation degree of diffrcuHy and mterml ronsislet.cv 

Compatibiiiiy The content terminology teaching ^tyle and educational philosophy of the program shou^d not conflict with 
those generally encountered by the student 

8 These items are self explanatory 
r.amn^n"TlK"^' COoperat On anrt val .es are concr rr,. th a' may be a funCM . o( IhP way ^ prograr^ 

gamingandthe hdnqm.i forma- a-e ^amp!. ues . A- o tr^e h„man.7ir q Mn,- comOulf r ^a. s.-vr for mo'..,r,( n or to 



' .ses thom ( Wai 

A'' 0 trip h(,Fnar'i7if ij * ' r,rT,n, ,!«• r r^-y ^ ^ 
reduce anxM, but t a so may bccomc ted'mjs 'ms'oad g a d riHj'Mrrpn.clucli.c 



The 'limmary o' Modent perf«>rn,i ce ca' be dchc'onmi, , 

C'l nr SMhcrti.r 'as -n 'he cva ualinn n» a • muiafiroi it t>r 'i r si ,df'' 



ij^»d '■■'I perf ♦ nt ol (err- cor 



Figure 7J8 (continued) 
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SCHOOL MXCROMAJlt CVAfUATIOM fOlUI 
Organ nation 



(cory AS NECoeoi 

Petit ion 



rroduet 

School O«p«rtaonti 
to Which Applic«bl«_ 



No. of ftogm. 
Ur^«r Thii Mim 



IMSTKOCTIOMS - For opon ondod itma, lupply all inforaation raquiitod in blanki provided if poiiibli; ui« 
•jctra thaota if nocaiiary. For otojactiva it«aa (thoio with blanki to laft>, antar a nui^ar in tha blank to 
indieata tha axtant to which tha pro9raa fulfilla tha daacription in tha itaa, aa follows s 2 - Coiq>lataly. 

1 - Martially. 0 - Not at All. If tha itaa ia not applicable to tha prograa. antar N/a. If tha itaa la 
unelaar. antar U. EUborata on antwara aa nacaaaary in Coaaanta aaction at and or on axtra ahaata. giving 
itaa nuabara. 



FOUCTIOKAL OCSOimoN - Oatcfiba tha prograa briafly in taraa of Itm goala and what it do«a to achiava 
(no avaluatioa hara). 



thaa 



yKSLIMINMY CONtlDtNATION - Aaauaing that thia prograa contributaa to tha teaching of oaa or nra topira. is 

that topic ona which ia or ahould t>a taught in today'a achoola? Yaa Mo If not, giva your raaaona for 

thia aitawar ia tha Coaaanta aaction at tha and of tha fora and oait tha balance of the queationnaire 



DQCUMHITATIQN - liat aatariala aceoapanying tha 
prograa* e.a., teechera guide* atudant workbook 
1. ladlcete typaa of inforaation included. 

a. tu99aated couraa/aub jact* grade levela. 

b. Goala. 

c. far.'oraance objactivea. 

d. Su«gaatad teaching atratag ( iee ) . 
a. Correlation with atanderd texta. 
f rrarequiaitea for uae of prograa. 

g. Student exerciaea* teecher enawara. 

h. Oparatinj inatructiona > 

1. Lie ting and eaaple rune of prograa(a) 



i If a aiaulation* daacription of the 

aodal uaad. 

k. Suggaatad topica for follow-up 

diacuaaiona. 
1. Su«9eatad referencea/ectivitiea for 
— — follow-up. 

]. Tha docuaantation ia written cleerly. 

1. If e workbook ia includod. the foraat 
and content ere eppropriete. 

INITHOCTIOM* CIVIN TO USW lY »»OCRAM 

I. Tha inetructlona ere adequete regarding 
e Tha inatructionel teak to ba parforaad 

b. Oeteila of how to interact with the 
..... prograa 

]. OMr hee the option of akipping 
— inatructiona if already known. 

STODlMT'COItfUTIK DU tO q 

1. Output ia alapleyod acraen by acreen 
..... (pagad) rather than acrollad. 

2. If output ia paged I 

a. UMr hae control over continuing to the 
..... page. 

b. Aaeunt of inforaation in eech page ia 
appropriate. 

c. Tha parceptuel iapact (aaouAt of type 
end linea) ia aui table. 

3. Output ia apacad and foraattad ao aa to b< 
eeaily raedeble. 



quea t 

4. Language ia wall auitad to aoat atudanta' 

reading ability. 
S. Uaaa correct gr«aMr«apalling« 

hyphenation abi punctuation. 
C. Any grid or coordinate ayataa uaad ie 

coneiatant with cowon convanticne. 
7. studanta ceo reapond with coason ayabola ( 

waya of uelng thaa. e.g.* right to left 

entry of auaa. 

I. Accapta abbravietiona for coaaon 
reaponaaa. 

9. Vroridea for individual naada. a.9.« 

opportunity to work with harder or eaalar 
material. 

10 Dialog ia paraonalisad* i.e.* aakea 
approprleta uae of atudant aaaea. 

II. Oaaa dtvicae to 9«t « aaintaia iotareat. 
•.9.. variation of coaputer reaponaaa* 
huaor* pace change, aurprlaa 

IS.Kakaa good uae of any spacial featurea of 
coaputer 1 

a. Crephica b. Color c. Sound 



13. Reinforcing reaponaaa (indicatione of 
rightt wronff etc.) ere eppropriete 

14. Tha nuabar of wrong anawara allowed ia 
raaeonable . 

IStXaapooda appropriately if ellowad nuabar 

of wrong anewara ia axcaadad. 
K.Vrovidea opportunity to get help if 

difficulty ia ancountarad. 
17.Hinlaisaa bad antriea via davicea auch aa 

objactiva formate (aultiple choice.etc). 
ll.Deela wall with inappropriate antriea< 

i.e.f responae to typing arrora. atc.< 

ia intallifible and uaaful. 
1». Required antriea are within atudanta' 

cepebilitiea (aip. typing, voeabulery). 
20.Roporta atudant parforaanca periodically 

and at end of aaaeloo. 



HISCELLAWEOUS COMCCTNi 

1. Ti a alaulatlon, tha prograa givea a 
auffieiantly accurate repreaentetion of 

tha aituation ■iaulatad. 

2. Tha eoacapta and vocabulary required to 
..... ui« the prograa ere raaeonable. 

3. Oparetea properly and ia free of buga 

4. Ia tMll stnieturad and docuaantad 
..... intaroelly to facilitate any nacaeaary 

dabugglng/a»dif icetion. 



, ■ Plieee uae thia apace end a^ 

you believe ««uld help aoaaona who was cons^aenng acquir 
indicate whet you like leaat and aeat about the progrea. Alao 



litionel ahaata aa naceaaery to provide any other inforaation which 
considering acquiring the prograa being reviewed. In particuler. 
It the progrea. Alao* liat any changea which ahould bs aada.) 



Figure 73 School Microware Review Form 
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Evaluating Instructional Software 



Software Evaluation Form 



Reviewer's Name*. 
Address/Phone 



_ Date of Review.^ 

_( ) 



Program Tule- 



Packaf{e Tiife_ 



. Medium 5' disk. 8" disk, 

cartridge; tape 

Copyright Date(ifany) 



Microcomputer (brand, model, memory) 

Necessary Hardwa-e _ Necessary Software. 

P"x*"«r Authors) 

Back-up Copy Policy . 



-Cost- 



PARTI 



Program Ov«rvl«w and Daacr^ion 



1 Subject area and specific topic- 

2 Prerequisite skills necessary- 



3 Appropnate grade level (circle) 1234567891011 12 college 

4 1 ype of program (check one or more) 
'Simulation 

— educational Game 
Drill and Practice 

. — Tutonal 

— Problem Solving —Remediation 
Authonng System Enrichment 

5 Appropnate group insrnjctional size — individual small group class 



Testing 

Claiksroom Management 

Other (specify) 



Is this program an appropp"*. instrucjonal use of the computer'. 



inefly list the program's objectives Are they clearly 3ialed in the pn,, d n o 
m the document ation> Are they educationally valuable> Are ihev achieved' 



8 Bnefly descnbc the program Mention any special strengths or weaknesses 



OCTOSn • 47 



Figure 7.4 Electronic Learning Review Form 

Copyright © 1984 by Scholastic, Inc. Repnnted by permission of Scholastic, Inc. 
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Part 2 



EvaliMtionClMckHtt 

Please check Yes. No. or Not Applitable for each question below To add information, or to 
tianfy an answer, use "Comments' ai the end of each seaion 

Ym No N/A educational CONTENT 

1 Is the program content accurate' 

2 Is the program content aw)ropnate for intended users' 

.1 Is> the diffitultv level consistent for material, interest, and vocabularv' 

4 Is the program content free of racial, sexual, or political bias' 



Ym No N/A PRESENTATION 

I Is the program free of technical problems' 

2 Are the ins>lructions clear' 

J Is [he tumculum malenal logicallj presented and well org^iized' 

4 UographKS, s>ound. and color, if us>ed. enhance the 

instructional presentation' 
5 Is the frame display clear and eas> to read' 



Yoft No N/A INTERACTION 

lb the feedback effective and appropriate' 



2 Do cues and prompts help students to answer questions correct Iv ' 

3 Can students acces>s the program "menu ' for help or lo change 
activities' 

4 Can students control the pace and sequence of the program' 

5 Are there safeguards against students "bombing ' the program 
b\ erroneous inputs' 



Yoft No N/A TEACHER USE 

1 Is record -keeping possible (within the program or through 

documentation worksheets)' 

2 Does teacher have to monitor student use' 

J Can teacher modifv the program' 

4 Is the documentation clear and comprehensive' 

Comments . 



PART 3 

OvMvN Evaluation 

CHECK ONE. , , 

Excellent program Recommend without hesitation Fair But might war.t to wait for something better 

Pretty good program Consider purchase Not useful Do not recommend purchase 



««• ELECTRONIC l£AIIMN(. 



Figure 7.4 (continued) 
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Evaluating Instructional Software 



approach to the problem of reviewing software is for each district to 
select a few teachers who will he responsible for such reviewing. One 
teacher might, for example, have the responsibility for reviewing lan- 
guage arts software for the primary grades, while another teacher 
might have the responsibility for reviewing social studies software for 
the intermediate grades. Of course, in order to discharge this respon- 
sibility adequately in a district that is serious about using computers 
for instruction, these teachers should receive released time from their 
other duties to do the reviewing. 

KEEPING RECORDS OF THE 
EVALUATIONS 

Regardless of how the evaluations of instructional software are ob- 
tained, schools should begin to develop files of these evaluations. It is 
much quicker to review three evaluations by three different teacliers of 
a particular piece of instructional software than it is to do a fourth 
evaluation. On the basis of the available evaluations, a teacher might 
still fiiid it necessa^ to spend some time with the software to be sure 
that it is usable, but much of the work involved in making that deter- 
mination should have already been effectively done bj' the earlier 
reviewers. 

Along udth the local evaluations, schools' files should include cop- 
ies of p iblished evaluations of software. Many of the professional 
journals, both those devoted only to computer education and those 
devoted to the teaching of particular content areas, publish reviews 
of insti actional software. One of the major difficulties in staying cur- 
rent about educational computing is that these reviews rarely are 
collected in one place. They remain scattereri throughout many jour- 
nals and arc therefore essentially unavailable to many teachers. If they 
were regularly put in local files of evaluations, then teachers could 
make use of them to avoid some of the instructional software that 
does not appear to be of high enough quality. Some sources of col- 
lections of evaluations of software are provided in Figure 7.5. 

Two other sources of evaluation information that all teachers 
need to be aware of are: Resources in Computer Educrtion (RICE), 
an electronic data base of information about microcomputer course- 
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The Apple Software Directory, Volume 3, Education, WIDL 
Video, 5245 W. Diversey Avenue, Chicago, IL 60639 

Atari Program Exchange, Atari, Inc., P. O. Box 427, Sunnyvale, 
CA 94086 

The Commodore Software Encyclopedia, Commodore Corpo- 
rate Offices, Education Department, 487 Devon Park Drive, 
Wayne, PA 19087 

Computer Courseware Reviews, available from Computer Tech- 
nology Project, Alberta Education, 11160 Jasper Avenue, 
Edmonton, Alberta, Canada T5K 0L2 

The Digest of Software Reviews: Education, 1341 Bulldog Lane, 
Suite C, Fresno, CA 93710 

School Microware Directory, Dresden Associates, P. O. Box 246, 
Dresden, ME 04342 

Texas Instruments Program Directory, Texas Instruments, P. O. 
Box 53, Lubbock, TX 79408 

The TRS-80 Sourcebook' and Software Directory, available 
through Radio Shack stores. 



Figure 7.5 Sources of collections of evaluations of sofhvare 



ware, and The Digest of Software Reviews, a quarterly, loose-leaf pub- 
lication of summaries of published reviews of instructional software. 

RICE provides descriptive information about currently available 
courseware for elementary and secondary schools and evaluation in- 
formation on many of these packages. The descriptive information 
includes the publisher, intended ability level, subject, mode of instruc- 
tion, required hardware, instructional objectives, and prerequisites. 
The evaluation information includes considerations of content, in- 
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Evaluating Instructional Software 



structional quality, and techniral quality. RICE was developed in pan" 
with support from the National Institute of Education, and it is ac- 
cessible through the Bibliographic Retrieval Services (BRS), a national 
computer network. RICE can be searched by use of ERIC procedures 
and descriptors, as well as some other categories such as grade level, 
required hardware, instructional purpose, and instructional tech- 
nique. Each review is a digested summaiy by the staff of RICE of 
evaluations gathered from teachers. 

Gaining access to RICE does cost money; the user must pay first 
for access to BRS and second for access to RICE. However, the amount 
of time and effort saved as compared to a personal search of the 
literature is typically quite large. For example, a teacher could ask for 
a list of all the programs that could be used in grade four to teach 
grammar. Within a few minutes a list of all packages listed in the 
system would be produced. Information about any or all of the pro- 
grams on the list can then be requested (Figure 7.6). As the RICE 
data base expands, it will become more and more useful as one tool 
for finding instructional packages. 

The Digest ofSoJhi^are Reviews quarterly produces summaries of 
published software reviews. The summaiy sheet for a particular pack- 
age includes much of the same descriptive information as RICE as 
well as summaries of published reviews of that software (Figure 7.7). 
A subscriber to the Digest must keep files of the sheets, and searching 
through them may eventually become time-consuming, though cer- 
tainly not nearly as time-consuming as trying to search the literature 
for the complete revievi^. The publication may be especially useful to 
people who do not have access to BRS, or to those who want multiple, 
undigested opinions on software. 

One government attempt to review software and to provide col- 
lections of those reviews is the Computer Courseware Reviews produced 
by Alberta Education (the provincial department of education) in 
Alberta, Canada. The Computer Technology^ Project of Alberta Edu- 
cation has organized and trained teacher-reviewers in Alberta to use 
a courseware review scheme developed by the Project. The reviews 
are very strict; about 90 percent of disks reviewed fail to meet the 
criteria. However, the reviews provide more information about the 
programs than virtually any other reviewing system (Figure 7.8). 



ERIC 
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Sample RICE Printout 



Suppose a (cachcr asked the qucstioni **Is there an instructional package in junior high school 
geography which is compatible with TRS-80 software^ where the program has been evaluated and 
found reliable?*' One of the courseware packages which would be identified is "^Geography Explorer: 
USA.'^ If requested^ RICE could provide any or all of the following information about the courseware 
which you choose. 



Tick 

Orgjiii/.uion 

( ontJit Intormjtii: 

AJdrcss 

PhoiK NiimlHr 

Coiu.Kt I*trs4iii 

( o\t 

Hjrdn.iri T\\\ 
S\stiin RiqiiiriiiKnts 
Hjrdw.trt 
S<)ft« Jrc 

Ml Jiiim t)t TrjiKttr 
Dtstnpnirs 



C»L4igriph\ h\plnrcr L'SA 
IiiNt.int S«)tt\\.irL 
PLUrhonnigh NH 0S4S8 

800/258 S47^ 
M.»r\ Sh<H>sh m 
$49 95 
TRS 80 

.^2K. OiiL Disk l)ri\L MiMiilor 
I ight Plii (OptuMul) 
TRSIH)S..rNhWlH)s 
S hkMhk Disk 

I iisinu I to II h U nu 11 k I r\ 
t-diK.iliDii ItitLniKdntL Cir.idLs 



Cir.Hli. I 

Mndt 11* 'nstriktum 
InstniLtion il 
kihtiuiiKs 
liistniLtuiinl 

OhlL^-tnLS 



Vliddk Schools Sctondjrv 
hdiuition High ^Sthotils. 
lunior High Schools. SotuI 
Studies Ctcoprjphv 
4. 5 6 7.8 9.10.11 
Sniuhrd Instruction 
Drill ,iitJ PrJctKL. Intorntjtion 
Rctrkv.tl 

The studLiit will K. .\hk to \t^^.n 
tit\ st.itcs within regions (it the 
L' S . ind to jssociJtc stjtt njinc 
w til .ibhrc\ I itmn. t.ipitji. Ijrptst 
(■it\ niLkn.tntL. po^ulttion, 
Howcr tnJ hird 



Instructional Prerequisite*! 

rhi stiidi.nt should kmm sonu intoriiution .iKnit tlu 
rigionsot tht L' S titiis. stitis uid popul itu>ii 
Abstract 

D4>iii[Ti(.ntJtion V.uljhk In C oinputtr Prngr.itn Pro 
grjm OpcrJting Instriations. Studtnt's Instruitmiis In 
SuppkrmntJr\ Mjttrnls S.uiipk IVogr.nii Output 
Program Operating In strut tions Tl ithtr s Iiif<irm.uioii, 
Rtsouru/RtftrtntL Infornutum. Student Workshtits 
DjtJ, Progress Report C onttnt jnd Striuturt Tht 
Pjikigi ( onsi .tsot Oni Diskitti in i3 Ring Rindir A 
kj(.h(.r/PjrLnt Ciuidc, Sjmpk I csson Pluis ind j I 
son PIjii Bbnk DjtJ Shuts ot Intornution C ontJinid 
on tht DtskLtti Jnd Blank Mjps tht L' S irt A\ .ul Jhk 
k)r Tcjthtrs to ( op\ jnd Distrihutt TIk Computer 
Prtstnts jMcnuof ThrtL PnigrJiiKStts {l)StJtL N'mit 
AhhrtMjtion ( jpit.d Ljrgtst C it\ Jiid NiLknjmc. (2) 
StJtt Artj. Artj Rjnk Population Population Rank, 
Dtnsitx. Density Rank. 9P L'rhan, ^ Urhan Rank, (^) 
StUt Hotter. Bird, Trtt, Song and Mtitto hath set prt 
stnts a mtnu of its parts The student is ^nen a ehoiLt ot 
anss\(.rmg b\ multiple ehoKL. hygnenfaet, or h\ npid 
m resp<»nsL The teat her tan oxerride the menu thoRes 
and thi \\a\ s ot responding Potential L'ses This pack 
age tan be used as a reMcw in an ekmentan geograph\ 
tia's It lan bt used for drill on state names. aShre\ la 
tions, rilatne liKation and state taets Other us<.s eould 
hi. enriehmcnt or reMew tor small groups Perhaps .ome 
ot the statistieal r- iking parts eould Ix used in middle 
grades 

Evaluation of Ma)or Strengths- 

The Geograph\ h\p'orer has a "tc^eher" mode .\hieh 
allows the teaeher to eh<Mise the eontent and hou the 
Lontent IS to be presented This mode permits direetcd 
learning tas\ entrv and tnendlv eompi. er rv-sponses 
help the ekmen^arx student A\arict\ otgraphie rewards 
proMde immediate positi\e re inforee mcnt Student 
seores ean be displayed 



>Ma|or Weaknesses 

Reeoniiiiended .uuiieiiee age is tcKi voting tor mueh ot 
the program eontent Heinent.irv students have trojbk 
with most ot the eontent ot the Set II States Area. 
I'lipuluion Densit\ and Pereent Urban The graphies 

ire not .il\\>ns elear niak.ng it hard to detme the shapes 
ot st,.ies I argesteitv. ( Set I. Part 4) onl\ lists the one eit\ 
ot the state 1 he other two ehoiees are outside the state 

Thus, a student onl\ needs to relate the ejt\ to the state to 
.iiiswerthe largesteit\ probkm 
Site and Date' 

Ianuar\ 1982, b\ stat> meinbi rsot West Lata\ ette Seh<K)| 
Corporation. West I ata\ettc, Indiana, with the suppon 
oi Indiana Title IV'C 
Evaluation Summary- 

Ke\ SA =^ Stronglx Agree, A ^ Agree. D = Disagre*e. 
SD ^ Strongh Disagree, N A ^ Not Applit able 
Summar>' of Results' 

Ceintent Aeeurae\ (SA), tdueational Value (A), Laeks 
Cultural Stere*ot\ ping (A), Obtcetives Well Defined 
(D), Aeiomplishes State C)b|eeti\ es (D),Claritv of Con 
tent Prese'itation (A), Appropriate DitTicultv Lc\el (A\ 
Appropriate Graphies/Jniund/'^olor (A). Appropriate 
Moti\ational Le\el (A). Challenges Student CreatiMtv 
(D>, heedbaek KtTceti\el\ Employed (A). Student Con 
tnils Presentation of For'nat ( Appropriate Integra 
tion with Prior Learning (D), Content Can Be General 
ue'd (A), Program C:omprehensi\enes$ (SA), Adequate 
Paekaging ( A), Ffteetnc Information Displays (D), 
C l.int\ of Instruetions (A), Teaehe-r Faeu.ty With Pro 
gram (SA), Appropriate Use ot Computer Teehnok)gV 
(A), Program Rcliabilit\ (A) 
Recommendation 

F\aluatois nidieate the\ would use or reeommend use of 
paekage with little or no ehange Rcter te) ^valuator's 
Ctuide h D 206 ^0 tor intcrpre'tation ot evaluatn c 
criteria 



Flglire 7.6 RICE printout 

Source: Northwest Regional Educational Laboratory. 
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TitcDiq csTof 
SOFTWARE REVIEWS 

EduCATION 



PRIMARY 



ERNIE'S QUIZ 

DISKETTE TITIE: Ernie's Oul2 

AUTHOR: Children's Televlslor Workshop 

PRODUCER: Apple Computer. Inc. 

20525 Harlani Avenue 
Cupertino, CA 950U 

COPYRIGHT: 1982 

PRICE: $50.00 

SYSTEM REQUIREMENTS: Apple II. 11^ or IIe/48K/d1sk drive/game paddles/color monitor 

CONTENTS: 1 diskette. 1 back-up diskette. Activity booklet 

PUBLISHER'S SUGGESTED 

GRADE LEVEL: Ages 4 - 7 

SUGGESTED GROUP SIZE: Individual or small group 

INSTRUCTIONAL MODE: Educational game. Creative activity 

DEWEY DECIMAL 
CLASSIFICATION NUMBER. 793.7 

SEARS SUBJECT 

HEADINGS: Puzzles. Number game 

ERIC DESCRIPTORS: Puzzles. Numbers 



PUBLISHER'S DESCRIPTION: "ERNIE'S QUIZ will 
captivate little audiences with clever, familiar 
Muppets, Jelly beans that stack up with fanfare, 
and faces your child creates using paddle 
controls. Everything Is designed to attract and 
rivet attention. Guess Who--Who's that appear- 
ing on your screen^ It could be Bert. Cookie 
Monster. 81g Bird. Grover, Oscar, the Count. 



Barkley or Snuffy. Jelly Beans— Watch colorful 
Jelly beans pile up In a Jar. Count them and 
enter your answer. Face It— Create a face. 
Make It happy, sad or funny. Ernie's Quiz- 
Guess Which Muppet is blue and furry^ Who eats 
chocolate chip things'' Surprises Include tricks 
by Ernie and Cookie Monster." 



COMPUTE! February 1983 

"I have received several new excellent programs for young children. . .the CTw versions are 
especially well designed, easy to use. and contain fine graphics... for children four to 
seven years old. . .colorful . low-resolution pictures of Sesame Street Muppets... an excellent 
and varied set of software for Introducing young children to computers." Glenn M. Klelman, 
p. 116 

THE COMPUTING TEACHER May 1963 

"...four easy-to-enter. well-documented and colorful game-like activities designed to 
gently cajole four to seven year olds Into recognizing patterns, counting, constructing 
modular designs and making InTormed guesses. . .requires some adult help or confident reading 
and typing on the part of the child. The five and seven year olds I observed. . .enjoy eo 
discovering their parts In the games as well as getting better at playing them. Both sound 
and graphics pleased the youngsters... The reservation 1 have about these games Is their 
reliance on printed sentence directions for non- readers and perhaps, as mentioned before, 
the question of how long children may play with this software before growing tired of It." 
David Ouellette. pp. 22-23 

INFOWRLD July 11. 1983 

"One of the things that Impressed me most about ERNIE'S QUIZ was the fact that In addition 
to the four games In the program Itself, the documentation Included follow-up activities 
for practicing the tame skills that are needed in the games. ..your child Is discovering and 
practicing basic concepts needed for learning. . .requires adult assistance the first couple 
of times... The on-screen documentation Is In large, uppercase letters, making It easy for 
a child who can read to follow them. Everything about ERNIE'S QUIZ from Apple Indicates 
the thought and care that went Into Its creation. It Is appropriate for the age level at 
which It It aimed and weM done In every respect." Patti Littlefleld. pp. 46-47 
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Ernie's Qui 2 (p«9e 2) 



Apple CoMiputer, Inc. 



POPULAR C0NPUTIN6 August 1963 

Mn the new Discovery software, one or nothing gets explodeo, eaten, or otherwise 
rS'^i*?' " Children I uoserved playing these see«ed as enthralled and 

delighted as their counterparts who pop off aliens. ..In the Instruction booklets are a 
Jl!Tr.®1..7^*^*^ 5i»e» and simple activities to do without a computer... The title game. 
ERNIE S CUI2, 1$ the star of the set— at least for the children I tested It with... with 
this age group {4 to 7), « found It Important to have an older child or adult to help with 
the reading and typing... These small criticisms notwithstinding. my hat is off to Child- 
ren s Television Workshop for designing these games and to Apple Computer for marketing 
them. Nty there be many more to come.' John D. Green, pp. 200-2D3 

SOFTAU February 1983 

•One of the strongest points of the package Is its stress on the positive... child is never 
told that the response typed is wrong, only that the computer's answer isn't the same... can 
be played by kids of ages four to seven without the aid of an adult... Each game on the 
disk U supplemented by descriptions of two or three games that don't require a computer." 
Jean Varven, pp. 100-lDl 

SOmMKC REPORTS July 1983 

*Exercfses problem-solving and recall ability, stimulates creativity and acquaints children 
with computers. Excellent use of color graphics... Grade: B-».' p. NE-4 
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GERTRUDE ' 8 SECRETS 



DESCRIPTION 
Oiih Titii: Gprtrudp s Secrets 



froducir: The iNrning Coipiny 
Mdrill: 545 Niddlefipld Roid, Suite 170, Nenlo Pjr^Cjlifornu, 94025 
Uliri : Ages 4-9 

ContMtl: 1 disk, J User s nmil (Bp), Activity Cards 
Topics: Problpi solving 

Additionil Hirdwiri/SoftMirt Hfquirtwntli Color Honitor, joystick optional 
Other roriiti Aviillblf (not evlluitttfh Available in ApDip foriat only 



Verfion: 1992 
Cost: 144.95 U.S. 
Til. t: (415) J28-5410 
Subject: Natheiatics 
Forait: Apple Il^ He 



OBJECTIVES 

^his diik IS irtpndpd to lotivatp students in thpir acquisition of lanipulatue shlls and in color and shape 
recognition The^ mil learn hON to create order and lo plan ahead by solving puizles that involve arranging qaie 
pieces according to a given rule or bv guessing a secret rule. 

CONTENT DESCRIPTION 

Thic prcgr« consists of three types of puzzles, Mch having tM or three levels of difficulty. The child 
•an.pu a es colored shapes to solve problMs involving siiilarities and differences. Tm of the puzzles require 
the student o arrange shapes according to given rules. The third puzzle requires the student to decide -hat rule 
15 pirg applied (intersection of sets). The prograi includes .even rule pages giving instructions for each 
Oo:: e fue saiple pages shomng «hat a correctly completed pu::Ie looks like, a branch allomng for the selection 
of diHerent shapes mfh »hich to play, an editing feature -hereby nen shapes can be created by the »eacher or 
learner and an optional tutorial. The^e .s also a siall student .anual to aid in learning the basic operating 
procedures and a set of 16 ca-ds that car. be .-olored and used to play one of the three gaees that are suggested on 
the tw attwit^ cards " 

CONTENT EVALUATION 

rontPPt 15 appropriate and ffffctive in its sequence and is accurate, clear and unbiased. The range ^nd 
dept are .ost appropriate for grade 1 and early grade 2 students. The upper end of the target audience (8-9 year 
olds' Hill likely uni lost of the pu::les too easy. 

INSTRUCTIONAL FORMAT DESCRIPTION 

Student interaction consists of using a joystick or set of keys to .ove a graphic r .aracter (Gertrude the 
Bocse), a rectangle (representing the learnerl, and varioof ga« pieces (colored shapes! round the screen. By 
•oving the goose and the rectangle through various 'doors', the student selects the puzzle to be played antf iay 
op .0 see a set of printed instructions, a coipleted saiple pu;:le, choose the gate pieces .ith -hich to May, or 
alter existing pieces to create new shapes. ' 

Ihen a pu::le has been solved, positive fffdback consists of t^e Iin-s surrounding the puzzle flashing and 
Gertrode delivering a treasure to the 'treasure roi'. A solution is never evaluated as being incorrect. Until a 
puz;le IS accurately solved, the program considers it to be in the process of being solved. 

There art soie dues available to aid the player , ho is having difficulty solving a puzzle. In tM of the 
puizle types, incorrectly placed pieces niII *un out' of the puzzle. 



Figure 7.8 Alberta Education Review 



IMPACT OF ILLEGAL COPYING 

A discussion of evaluating instmctional software would not be com- 
plete without giving some attention to the impact of illegal copying 
on the availability of review copies of such software. When school's 
begin the process of choosing a textbook for adoption, publishers are 
quite willing to send a review copy of that text to the selection com- 
mittee for examination. The publishers know that no school would 
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INSTRUCTIONAL FOmiAT EVALUATION 

This IS i good profrii for th» d»v»lopwnt of probiM solving strategics in young students. Since the p'-ograi 
recognizes different possible solutions, it encourages student creativity and enables re-solving the pu:z!es 4 
nviher of tiMs Nithout loss of lotivation. The instructional techniQue, student interaction, and evaluation 
ttclmi^uts are appropriate and effective. HoMver, the feedback techniques are lacking in that the progr^ has 
only a fe« provisions for aiding the student Mho is having difficulty solving a pu:;le or understanding 
instructions. 

The shapes editing featjre is tiie consuiing and unnecessary. Students Nould enJov creating neit shapes but 
these are not necessary for the developient of problei solving abilities, and all created shapes are lost ithen the 
coiputer is turned oft. 

It IS unfortunate that the prograi doesn t include i lanageient svstei to keep track of students naies. Noes 
of puzzle plaved and th^ nuiber of puzzles solved. 

TECHNICAL DESIBN DESCRIPTION 

Braphics and color are eKloved in the design of the lap* the puzzle, Sertrude the Goose, the shapes used for 

playing and the treasures iton. Sound, Nhich is at the user s control, occurs in the title page u brief ture<. 

Mhen pieces are picked up or dropped (a beep), and Nhen a pu::Ie has br»n solved la tune), 

TECHNICAL DESISN EVALUATION 

On the Mhole, color, graphics and sound are appropriate and effective, hoitever, there are a feit orobleis. 
Although the displays are clear and iteU laid out, the vocabulary lay be too difficult for young, first-tiie users. 
It IS easy to accidentally slip out of the page being used and into another, but loveient back in is iccoiplished 
Mi.h little effort, Soie of the 'doors' through ll^lch the student lust love are not clearh labelled and so the 
student lust either rpfrr to the lap in the student lanual or learn through trial and error. 

Generally teachers east be prepared to provide *ielp for first-tiie users ind younger students. 

SUMMARY STATEMENT 

These punles Mith their lotivating technical design and thought provoking pu::les are particuiirh suited to 
the developient of problei solving skills in the iiddle target audience range. The lack of strategy suggest. ons far 
students experiencing difficultv is the chief iteakness and teacher assistance Mill be required. 

STATUS 

SERTRUDE S SECRETS has been designated as a SUPPLEMENTARY learning resource. 

PURCHASE INFORMATION 

This disk lay be purchased for M4.95 (U.S.) tOct. 1983) froi The Learning Coipanv at the address giver at the 
beginning of the report. It lay also be purchased froi S»E.S. Distributing Int.. 3&& Adelaide Street East, Toronto, 
Ontario, N5A 3lf, «l&)-3&6-<242. There, the price of an individual dtbk is (Oct. 19B3). Schools receive a 

discount of 51 (for orders less than ll^Oi, 101 (ll^O-llOnO) or ISX {greater thin tlOOO). Loc<l dealers lay also 
larket the product. 

Defective dislrs Mill be replaced Nithout charge Nithin a 90 day itarranty period. 

Disks Mhich are daiaged by the us:r Kill be replaced for 110 U.S. upon return of the diskette to The Learning 
Coipany {distributors lay not necessarily honor this itarranty). This includes disks Nhich Near out through norial 
Hear and tear. There is no tiie liiit for this warranty. 

Teachers Mill appreciate the fact that the entire prograi is loaded during the initial boot Nhich alloNS a 
single disk to be used in a nuiber of coiputers. 



Figure 7.8 {.continued) 

ever consider making photocopies of that text for use in their class- 
rooms, partly because the cost of photocopying the text is usually 
greater than the cost of bujing it outright, and the quality of the 
reproduction is usually considerably less than the quality of the printed 
version. The publishers view their cooperation as a small investment 
necessary for the text to be considered for adoption. 

However, in the domain of instructional software these consid- 
erations are not the same. Most instructional software is "copy pro- 
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tected" so that simple means of trying to make a duplicate of the disk 
will not work. However, there are commercial programs designed to 
break into protected software, and if they don't work, some students 
are eager to accept the challenge of tiying to break the protection 
scheme. Producers of instructional software are certainly aware of 
both of these opiions, and, as a result, many are quite reluctant to 
send out instructional software for preview. They fear that illegal 
copies of the disk might be made, pven though it is very clear that 
copying software sent out for previewing is illegal. 

In part, the temptation to copy software illegally is generated by 
the fact that most instructional software costs in the range of $30 to 
$70 per disk, and the cost of a blank disk is usually less than three 
dollars. Thus, there is a potential "savings" of many tens of dollars 
per copy per disk. The apparent saving is artificial, however, for many 
produ*rs have markedly increased their prices to compensate for the 
illegal copies that might be made from each copy that is legally sold. 

At the time of the writing of this book several suits are pending 
before the U.S. and Canadian federal courts on how the respective 
copyright acts might apply to software. Until those suits are settled, 
it is impossible to say for sure what copying is legal and what copying 
is illegal. Schools should probably take a very conservative stand on 
the issue, however, in order to protect themselves. Teachers and stu- 
dents should not be allowed to use school equipment to do any kind 
of illegal copying. Schools must monitor the development of the legal 
precedents related to copying of computer disks and adjust their po- 
sitions accordingly as precedents are set. 

CONCLUSION 

Because of the time required to preview software, it is more important 
for teachers to have access to evaluations of software than access to 
evaluations of other kinds of instructional materials. Teachers are 
more likely to use software that they have initial confidence in, so it 
would be to the advantage of software producers, schools, and teach- 
ers to begin to cooperate on building collections of software reviews. 
Careful evaluations would also have impact on improving the quality 
of software; learning would be the primary beneficiary of this. 
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The introduction of microcomputers into elementary school class- 
rooms has already caused educators to rethink many of the objec- 
tives of classroom instruction. The capabilities of microcomputers 
allow teachers to do things such as word processing that are not 
possible without these machines. One of the consequences of this 
rethinking is that there may be a shift in the focus of some tradi- 
tional instruction from the products of learning to the processes of 
learning. Such a shift, however, is not certain, and if it is to be a 
positive change, many people are going to have to put much effort 
into it. 

for example, in language arts instruction traditionally the strong 
emphasis has been on skills like grammar and spelling. The availa- 
bility of word-processing programs, with accompanying programs to 
check spelling and grammar, decreases the need to make students 
proficient at these skills and correspondingly increases the need to 
help students learn how to put their thoughts on paper (or, in this 
case, on the monitor screen). Editing skills become more important. 
Students can easily edit with these programs, without the drudgery 
of having to recopy their work. The nature of communication, rather 
than the details of putting words un paper, may become the focus of 
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language arts instruction. Teachers will be faced with making deci- 
sions as to how far students must go in learning technique in oixier 
to be able to communicate. 

Another example is the teaching of computational algorithms in 
arithmetic. One of ♦he reasons that so much attention has been 
given to teaching things like the long-division algorithm is that sym- 
bolic manipulation has historically been very important to students 
who need to study or use mathematics. However, now computer 
programs such as MuMath will do virtually all of the symbolic ma- 
nipulation that has been taught in high school algebra and even col- 
lege calculus. This "symbol pushing" has thus, at least theoretically, 
been reduced to the level of a "calculator" activity, just like most 
computation typical of elementary school arithmetic. Teachers can 
now focus on teaching understanding behind the manipulations 
rather than the manipulations themselves. But an unanswered 
question is how to determine the level of expertise a person needs 
with manipulations in order to understand a skill. No one at this 
point knows the answer. 

In spite of the potential shift in the focus of teaching, it would 
be wrong to say that the introduction of computers in the schools 
has caused this shift. The notion of teaching for understanding goes 
back at least as far as the 1920s and 1930s. Brownell (1935, 1947) is 
recognized as one of the first to put strong emphasis on understand- 
ing as opposed to manipulative skill in arithmetic. Periodically 
since then, this call for understanding has reappeared in a variety 
of guises. Recently, for example, there has been an increasing call 
for emphasis on problem solving in the mathematics curriculum. In 
1980 the National Council of Teachers of Mathematics published 
the Agenda for Action (NCTM, 1980) which called for problem solv- 
ing to be the /bcus of the mathematics curriculum in the 1980s. The 
writing of the AGENDA was mostly completed prior to 1979, which 
was prior to the general availability of microcomputers, so the au- 
thors clearly did not view problem solving as inexplicably tied to the 
use of microcomputers. Indeed, the AGENDA contains relatively 
few recommendations regarding the use of microcomputers. 
Rather, the authors focused on underlying processes as more impor- 
tant than manipulation skills. 

V9 
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Now the availability of microcomputers and the corresponding 
availability of new capabilities (such as word processing and sci- 
ence and social studies simulations) has led other groups, like the 
National Council of Teachers of English, also to focus attention on 
processes rather than products. For example, there are now micro- 
computer programs that let the user create stories by responding to 
situations. The choices that are made determine the outcome of the 
stories, and creativity in choice-making can become the object of in- 
struction. Teachers can foci<s students' attention on questions of 
"What would happen if . . . " and can let students find out some of 
the consequences of their decisions. Such activities can provide set- 
tings for creative writing and for stimulation of students' 
imaginations. 

Science or social studies simulations also provide similar settings 
for looking at consequences of decisions. They can help teachers focus 
students' attention on ways in which different processes affect situ- 
ations. The means to ends become the focus of instruction rather than 
just the ends themselves. 

All such activities can be roughly classed as "problem solving"; 
that is, in all these activities, the focus is on the effects of decisions. 
Although problem solving has become especially important in dis- 
cussions of the mathematics curriculum, there are also lots of op- 
portunities for problem-solving processes to be used and studied in 
other content areas. One of the consequences of the potential increased 
ibcus on these processes may be the development of more interdis- 
ciplinary activities across content areas. That is, the goals of instruc- 
tion may become somewhat more coherent across disciplines. 



WHAT IS PROBLEM SOLVING? 

One of the difficulties in discussing problem solving is that there is 
relatively little agreement about a specific definition of the term. For 
our purposes, problem solving can be characterized as a process 
that will allow attainment of a specified goal when there is no 
known algorithm for reaching that goal. For example, if the goal is 
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to explain how a bill is passed into law in Canada, then problem 
solving occurs in the gathering and synthesizing of the information 
needed to make that explanation. Decisions will have to be made 
about which books to read, which people to ask, which information 
to remember, which information to forget, and how to organize the 
information. No one of these decisions alone is sufficient, and no 
known algorithrn specifies the steps to follow in constructing the 
explanation. 

This characterization of problem solving stands in contrast to the 
notion of an algorithm. An algorithm is a step-by-step procedure that, 
if followed correctly, will produce a specified outcome. For example, 
a recipe in a cookbook is a loose kind of algorithm; it provides the 
steps to follow in producing the dish described. Many tasks in our 
lives can be completed by using algorithms. Other tasks are encoun- 
tered so infrequently or are so poorly understood that there are no 
algorithms readily available that can be employed. Problem-solving 
experience tends to give people confidence that they can meet these 
unusual tasks and figure out ways to complete them, though the 
solutions may not be the most efficient ones. 

Problem solving is different from solving problems. For many 
people, solving problems occurs when a teacher assigns a set of prob- 
lems (or exercises) that are highly structured to fit whatever topic is 
under discussion. The structured nature of ihese "problems" generally 
reduces them to exercises; typicalhs students have a pretty clear idea 
of what is to be done to produce the answers. As such, these activities 
usually do not constitute problem solving. 

Many heuristics have been identified for problem solving; e.g., 
find a simpler problem, draw a picture, gather data, and look for a 
similar problem for which a solution is known. Most of these tech- 
niques are traceable to Polya (1973), though in spite of their rela- 
tively long history teachers are still searching for ways to 
incorporate them into the elementary school curriculum. It is 
known both that teaching and learning problem solving are difficult 
goals to achieve and that the advent of microcomputers opens truly 
new ways for working toward these goals. The task now is to use 
the new tool effectively. 
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PROBLEM SOLVING ON 
MICROCOMPUTERS 

The notions of problem solving, as applied to a computer environment, 
can be seen best in programming activities and in special computer- 
assisted instruction programs designed to aid in the development of 
problem-solving techniques. Almost everyone will agree that when 
students are asked to write a working program that will accomplish 
a specific goal (for example, a program to generate poetry), they are 
involved in problem solving. The design of the program, the writing 
of the code, the debugging of that code, and the testing of the program 
with sample data are all activities for wnich there is no known al- 
gorithm designed to produce the end result. In fact, there are many 
solutions for each problem, and choosing among them is itself no 
easy task. 

There may, however, be simpler programming tasks that also 
involve students in problem solving. For example, students might be 
asked to modify an existing program to do a slightly different task. 
If the new task is very similar, then this activity might become an 
exercise. If, however, the task were more substantially different, then 
it would surelv be problem solving. Students would have to make 
decisions about what part(s) of the program to alter and choose 
among the possible ways of making the alteration(s). 

For example, the following program, which prints a pattern, could 
be altered to print a box (little transfer required) or to print a triangle 
(greater transfer required). 

ID PRINT "«««««««««" 

BD PRINT "« «««««««" 

3D PRINT "« «««««'' 

^D PRINT "« «**" 

SD PRINT "«««««" 

bD PRINT "« «««" 

7D PRINT "* **«««" 

AD PRINT "« «««««««" 

^D PRINT "«««««««««" 
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Trap and Guess Hidden Treasure 




HgUre 8.1 Bumble Plot programs 
From Bumbleplot Manual pages 16-17. 



Some microcomputer software packages are designed to teach spe- 
cific aspects of problem solving. These include Bumble Plot (Figure 
8.1), Gertrude s Puzzles, Rocky s Boots, Mind Puzzles (Figures 8^2 to 
8.4), and others. Whether these pro^grams are truly effective at teach- 
ing problem solving is open to question right now. It would be of 
considerable benefit to know the kinds of students that seem to benefit 
from using them. 

Somewhat more removed from these programs are the general 
tool programs that may also enhance problem-solving skills. Vor in- 
stance, word-processing programs can be used to improve students' 
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Optional Instruction frames describe the Queen Bee of Menta ritual (Figures 1-2). 



(•eh dav • n«M ^itld of Mfieal flowtrs 
froMf and bUons sMttlaet in tht 
kinfdM of Itenta. Tht Metar from th«st 
blossoM mjst bt ^wieklv Mthtrtd and 
taktn to th* hiut to bt Mdt into Ntnt« 
honty Tht Outtn tot's scouts starch 
out thtst fitlds tnd rt^ort back to tht 
Outtn . 

Each day tht Outtn Btt and htr Scouts 
ptrfort i ritual uhich dirtcts tht 
Morktr'btts to tht floutr fitld 

Prtss SPACE tAR to conttnut 

Flgurt 1 



Problem^lving strategies which will help 
(Figures 3-4). 



Ourtn9 tht nvsttrtous ritual tht Quttn 
•tt and htr scouts shou 

- tht tvM of floutr contatntnt tht 
Rovtl Ntctar 

- tht fn9ht Mtttrn to follow to tht 
floucrs 

- tht fomation tht ntctar vathtrtrs 
Must kttp 

- tht sound transMttttd by tht flowtrs 
uhtch aids in thttr location 



Prtss SPACE BAR to contfnut 
Flgurt 2 



solve the puzzle are listed and summarized 



It is iaportant that you conctntratt 
clostlv on tht ritual and 



Ktt^ a Htcorq of 
what wou obstrut 



Ntvt a Data Rtcordtr shttt o.* a Pitct of 
paptr on hand 



Prtss SPACE BAR to continut 



Fipurt 3 



As you dtcodt tht ritual rttttbor to 



KOOP t KOCtra 

Nako Cuossts and Pro^ictions 

L»»k far Pattorns 

•rook tho Ritual into Snallar 
Parts 



Prtss SPACE BAR to continut 



Figurt 4 



Figure 8J2 InstruCiions 

From MECC> Mirui Puzzles ^ ya^e 2G 



imaginations by having students engage in creative writing activities. 
Science or social studies simulations could be used to teach students 
how to search through information to find the particular pieces needed 
to solve a problem. As pointed out earlier, this requires problem- 
solving skills. 
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COMPUTER LANGUAGES FOR 
PROBLEM SOLVING 

There are many computer languages — BASIC, LOGO, FORTRAN, 
COBOL, PASCAL, ADA, C. Each language has its own strengths and 
weaknesses, and selecting from among them is not an easy task. 
Fortunately, at the elementary school level there are many fewer 
choices. If a computing language is taught from the standpoint of 
teaching general concepts for solving problems, however, one lan- 
guage probably does not have much advantage over another. Some 
languages lend themselves more easily to this kind of generality, but 
probably any of them could be used in this way. 

BASIC (Beginner's All-purpose Symbolic Instruction Code) is the 
language that is built in to most microcomputers. Beware, however; 
each machine has a slightly different dialect of BASIC. There are many 
commonalities, but also some important differences. BASIC is most 
easily used to solve computational types of problems. Although it is 
not specifically a mathematics language, it lends itself easily to math- 
ematics-oriented problems. 



Ai an apprtntict vour training can bt 
introductory (Itutl 1) or advanctd 
<ltgtl 2>. 

Choof t • 

1. Apprtntict Btt Kttptr, Ltuti 1 

2. Apprtntict Btt Kttptr, Ltutl 2 

3. Or . No Training (90 dirtctlv to 
tht ritual > 

4. Rtturn to Htnu 
Hhich nuNbtr"^ I 



Figurt 1 

Figure 8^ Skill levels and objectives 
From MECC, Mind Puzzles, pages 29-30 
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Two profroms allow ttudonts to uoo 
tht computer to toot out thoir 
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»tud«nts eroott displays whieh thoy 
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display. 



Ravisini a Oik 



Eiplonnc thoso profframs oy tht fuaas- 
and-f tviac method is a cueeossful ttratofy. 



Uao of Symbol 



Symbols rtproatnt soquoneoa of 
tvonts in a display. 
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Tht moot tuecofsful solution to 
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strotocy. 
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Figure 2 



Figure B3 (continued) 
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Figure 3 

Figure &4 Key to the Ritual 
From MEX:C, Mind Puzzles y page 31. 

Two sample BASIC programs follow. The first program computes the 
average of numbers that are entered via the keyboard; the first informa- 
tion the program requests is the number of numbers that are to be aver- 
aged. The second program generates all the prime numbers less than 100. 

ID PRINT "THIS PROGRAn COHPUTES THE AVERAGE OF 
NUMBERS YOU ENTER." 

2D INPUT "HOIil riANY NUMBERS DO YOU WANT TO 

AVERAGE"iN 

3D FOR I = 1 TO N 

MD INPUT A 

SD S = S + A: REM S IS THE RUNNING TOTAL OF 
THE NUMBERS 
bD NEXT I 

7D PRINT "THE AVERAGE OF YOUR "SN^" NUMBERS 
IS "iS/N 
ao END 
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10 PRINT "THIS PROGRAM UILL PRINT ALL PRIflES 
LESS THAN IQQ." 

20 PRINT "THE FIRST PRIflE IS S." 

30 PRINT "THE OTHER PRIflES ARE "\ 

MO FOR I = 3 TO 100 

SO FOR J = S TO I-l 

bO IF INKI/J) = I/J THEN GOTO 10 

70 NEXT J 

flO PRINT li" "i 

10 NEXT I 

100 PRINT 



LOGO, a language developed at Massachusetts Institute of Tech- 
nology especially for young children, has had a lot of "good press" as 
an environment in which children can learn to solve problems by 
being in command of their own world. The notion of a LOGO envi- 
ronment may be critical. Partial implementations of the language 
maybe inadequate. The research now beginning to be completed does 
not seem to show any overwhelming advantage for LOGO, nor does 
it show any great disadvantage in using LOGO, as opposed to other 
instructional techniques for teaching problem solving. LOGO does 
seeni quite well suited for approaching problems from a group-task 
perspective, so if cooperation is one skill that is deemed important, 
then LOGO might be an ideal choice. It is an "add-on" for almost 
every microcomputer system, however, and the cost of implementing 
it may discourage some people. 

Two sample LOGO graphics programs follow. The first pro- 
gram draws a triangle, and the second spins that triangle to create 
a design. 



TO TRIANGLE 

FORhlARD 100 

LEFT ISO 

FORhlARD 100 

LEFT ISO 

FORhlARD 100 

LEFT ISO 
END 
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TO SPINTRIANGLE 

REPEAT b C TRIANGLE RIGHT l,Q ] 
END 




PROGRAMMING IN THE 
PRIMARY GRADES 

The use of BASIC generally requires some minimal mathematics back- 
ground such as knowledge of the mathematical operations. Shumway 
(1984) has provided some examples of ways that primary teachers 
might get started through demonstrations of writing programs. This 
approach requires only one machine with a monitor'in a position that 
can be seen by the children. One sample program that might be used 
is the following: 



IQ FOR K = 1 TO ID 
20 PRINT K + li K + 2 
3D NEXT K 
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This program will print triples of successive numbers: 



1 


E 


3 


s 


3 


M 


3 


M 


5 


H 


S 


b 


5 


b 


7 


b 


7 


fi 


7 


a 


1 


fi 


1 


IQ 


1 


IQ 


11 


IQ 


11 


12 



Several patterns can be noticed by the children. First, in each column, 
the numbers increase successively. Second, there are diagonals of the 
same numbers. Third, the formatting of the computer in columns does 
not keep the ones digits lined up, as is required in many school math- 
ematics tasks. This observation is important because it points out one 
of the changes (i.e., less emphasis on lining up digits) that may have to 
take place in the mathematics curriculum as computers become more 
and more common in elementary school. 

After a sample program like this is presented, it is fairly easy to 
begin to make modifications in the program. For example, line 20 
might be changed to the following: 

aO PRINT K^ K + Si K + M 

Students can be asked to predict what changes might occur in the 
output of the program. Another change is the following: 

SO PRINT Ki K + Ki K + K + K 

This change causes some significant changes in the patterns of the output, 
and it might be a convenient way to introduce the topic of repeated addi- 
tion, which could in turn lead to investigation of multiplication. 
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Students can also investigate simple designs with BASIC. For ex- 
ample, the following program prints out a pattern: 

10 PRINT "«««««««»»»" 
50 PRINT "« «" 
30 PRINT "« «" 
MO PRINT "« «" 
SO PRINT "« «" 
bO PRINT "« «" 
70 PRINT "«««««««««*" 

Alterations of the pattern (e.g., elongation of the rectangle) can be 
generated by inserting lines like the following: 

2S PRINT "« «" 

Students might also be challenged to produce a rectangle with one of 
the diagonals drawn inside it. 

Many projects are within the reach of primary-grade students 
through the use of LOGO's turtle graphics capability. Papert (1980) 
discusses typical projects developed by quite young students. One of 
the first is to have students draw a square. 

FD SO 
RT 10 
FD SO 
RT 10 
FD SO 
RT 10 
FD SO 

Whether one wants to add an additional line (RT 90) so that the turtle 
is pointing in the same direction at the end as at the beginning of the 
drawiriE? is a question more of convenience and of style than of sub- 
stance in learning about problem solving. This program can be short- 
ened by use of the REPEAT command, and it can be made into a 
procedure by using the command TO. 
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TO SQUARE 

REPEAT M CFD SO RT ^03 
END 



Now the dravvdng of a square can be completed simply by calling on 
this newly defined procedure in any other program. 



SQUARE 
FD SO 
SQUARE 



This program will draw two squares, one directly above the other. 
More complicated designs could be imagined by orienting the turtle 
in various ways before drawing copies of the square. 



SQUARE 
LT 4S 
SQUARE 




Other projects that students seem to enjoy completing with LOGO are 
drawing a house, a head, or a city skyline. Many young students become 
quite involved with LOGO and spend a lot of time working on their proj- 
ects. A single project can be broken down into pieces, and the pieces can 
be shared by all the students in a group. In this way, cooperation skills can 
be practiced along with the programming skills. 

Delta Draw is one of several other kinds of drawing programs. 
Students can create designs by using built-in shapes (e.g., squares, 
circles, triangles) and built-in coloring routines (e.g., color the inside 
of a circle green). These programs are quite easy to use and could 
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become an integral part of the art curriculum in an elementary school. 
Too, creating designs could be used to supplement a creative writing 
curriculum by giving students opportunities to be creative in multiple 
modes— writing and drawing— simultaneously. 



PROGRAMMING IN THE 
INTERMEDIATE GRADES 

As students' mathematics backgrounds increase, BASIC can be inte- 
grated in the curriculum in many more ways. In part this is due to 
the wider range of mathematics and mathematics-oriented content 
that is included in the intermediate grades, but it is also due in part 
to the students' greater sophistication at dealing with variables. The 
following program will generate nonsense verse. 

10 FOR K = 1 TO 5 
EO READ A*(K) 
30 NEXT K 

MO DATA SEVILLEiflUADRlLLE 
MS ::: 

SO FOR J = 1 TO 5 
bO READ B*(J) 
70 NEXT J 

aO DATA SUILLiFILL 
65 • • • 

to FOR I = 1 TO 5 
100 READ C*(I) 
110 NEXT I 

150 DATA aUILLSifllLLS 
lES ::: 

ISO FOR P = 1 TO 3 

IbO X(P) = INT (5 * RND(1)) + 1 

170 NEXT P 

17S ::: 

200 PRINT "THE GURU OF "U»(X(1)) 

510 PRINT "GAVE ALl HIS WEALTH FOR "; B»(X(a)) 

550 PRINT "HE THEN WENT DOWN" 

530 PRINT "TO LONDON TOWN" 

5M0 PRINT "AND ASKED THE KING FOR "\ C»(X(3)) 
5S0 END 
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The computer can also be used to generate data to use in problem 
solving. The following program generates data to help solve the prob- 
lem of finding the largest area that can be enclosed in a rectangular 
region with a constant perimeter of forty meters. 

10 PRINT "LENGTH"-, "WIDTH"-, "AREA" 

eO FOR K = 1 TO SO 

30 PRINT K,SO-K,K»(SO-K) 

MO NEXT K 

50 END 

The student can look through the output and find the largest integral 
value of the area. Then follow-up data can be generated to determine 
if nonintegral sides generate larger areas. 

LOGO also can be expanded for intermediate-grade students. One 
of the best ways is to introduce "recursion" in a program. Recursion 
is having a procedure call itself. The following example continues to 
generate squares until the user intervenes by typing CTRL-G. 

TO MULTIPLE- SflUARE 
REPEAT M [ FORWARD MO RIGHT 10 ] 
FORWARD 15 
LEFT SO 

MULTIPLE. SflUARE 
END 
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After drawing a squarr moving forward fifteen steps, and turning 
left twenty degrees, the procedure calls itself. It then proceeds to draw 
another square, move forward, turn left, call itself, etc. The user must 
intervene in order to make the turtle stop. 

A more sophisticated recursive procedure will contain a condi- 
tional statement that will determine when it is supposed to stop. The 
following program will draw a spiral. 

TO SPIRAL :SIZE 
HIDETURTLE 

IF :SIZE < 2 THEN [STOP) 
FORUARD :SIZE 
LEFT 10 

SPIRAL :SIZE - g 
END 



Recursion is a veiy powerful technique in programming, and 
much experience working with it is required to begin to develop a 
firm understanding of it. Early exposure to simple instances of re- 
cursion might put students on the road to that understanding. 



RESEARCH ON 
PROGRAMMING AND 
PROBLEM SOLVING 

Many claims have been made about the effects of teaching program- 
ming on problem solving as well as on the cognitive organization 
learners create for information. Unfortunately, there is not a corre- 
spondingly large body of evidence either to support or refute these 
claims. 

Mayer (1982) made five recommendations for teaching program- 
ming meaningfully; these were based on a variety of studies that he 
and his colleagues have completed. 




1. Provide the learner with a concrete model of the computer. 
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2. Encourage the leamer to actively restate the new technical 
information in his or her own words. 

3. Assess the learner's existing intuitions about computer op- 
eration and try to build on them, or modify them, as 
needed. 

4. Provide the leamer with methods for chunking statements 
into a larger, single, meaningful unit. 

5. Provide the leamer with methods for analyzing statements 
into smaller, meaningful parts, (p. 129) 

Although these should not be taken as verified facts about the 
leaming and the teaching of progranuning, they do raise some inter- 
esting concems about structuring teaching. Perhaps of most impor- 
ts ice is the highlighting of the role of intuitions that students bring 
to leaming. Many students will have had some exposure to computers 
or to calculators. Their personal notions will greatly color the ways 
in which they perceive the instruction that is provided. If the instruc- 
tion is inconsistent with those notions, it is likely to be counterpro- 
ductive. That is, students are not likely to assimilate the instruction 
well if it is counter to their own notions of computers. The first chore 
for a teacher, then, is to identify and perhaps to remold the students' 
intuitions. 

A second important observation of Mayer's is that chunking in- 
formation is important for programming skill. For example, if a stu- 
dent needs to have the program read in data from a DATA statement 
in BASIC, the entire FOR/NEXT loop that does this should become the 
object of attention rather than each individual line in the loop. Students 
apparently do not naturally chunk information in this way; teachers 
must point out the desirability of doing so. 

Soloway, Lochhead, and Clement (1982) have tried to approach 
the question of programming and problem solving more directly, and 
they claim to have demonstrated that programming does enhance 
problem solving. Their subjects were college students, rather than 
elementary school students, however; and their data might better be 
described as demonstrating that, for some students, solving a problem 
is easier by writing a program in BASIC than by writing an algebraic 
equation. It is not clear that such results, especially based on the 
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scanty data, have any direct implications for teaching elementary 
school students, but they raise the hope that the claim of transfer 
from programming to problem solving m .y eventually be verified for 
a wider range of students anc} activities. 

Blume (1984) provided an updated summary of evidence on 
whether "programming-augmented mathematics instruction" (that 
is, teaching mathematics through some exposure to programming) 
enhanced problem-solving skills. Only one study was reported with 
elementary students, thus indicating the scantiness of the knowledge 
base in this area. In that study fifth-graders solved word problems 
either directly or by writing programs to help. The direct-instruction 
students scored higher on the posttest, but the question was raised 
whether the writing of the computer programs took so much time 
that those students simply did not have sufficient time to learn the 
mathematics. 

A few studies have dealt with the use of LOGO in elementaiy 
school settings, but since LOGO is relatively new, there has not been 
time for in-depth study of its effects. Blume (1984) reported two 
studies in which a LOGO group outperformed a non-LOGO group in 
use of problem-solving jieuristics on problem-solving tasks. One other 
single-group experiment demonstrated that LOGO students improved 
in their grasp of the concept variable. Again, these results suggest 
some possible effects of the use of LOGO, but they should not be 
considered as verified truths. 

Rampy (1984) had interviewers watch fifth-graders program in 
LOGO over a six-week period. She noted that the students seemed to 
fall into two groups: process-orientp^ and product-oriented. The pro- 
cess students experimented with th . LOGO commands, apparentlv to 
e\j ilore the power inherent in the commands. They often went off on 
tangents when an unexpected event happened. The product students, 
on the other hand, worked extensively in immediate execution mode 
in order to accomplish the task at hand. They rarely followed up on 
the ''bugs" they encountered; rather, they focused attention on trying 
to correct those bugs to fit the task. 

Brown and Rood (1984) taught BASIC and LOGO to different 
groups of gifled students in grades 2 through 9. There was no differ- 
ential effect of the two languages, though collectively the groups im- 
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proved in problem-solving ability. This is not too surprising, since 
both languages were taught vdth a common "guided discovery learn- 
ing" approach. This points up the importance of the instructional 
approach and goals, rather than the importance of the internal struc- 
ture of the particular language used for instruction. 

Clements and Gullo (1984) compared the changes in general cog- 
nitive abilities of eighteen six-year-olds, half of whom studied LOGO 
and half of whom used CAI (arithmetic drill). The treatments lasted 
twelve weeks. The students using CAI displayed no significant change 
on any measure. The LOGO group scored significantly higher on the 
posttest than on the pretest for measures of divergent thinking and 
reflectivity. Some of the effect may have been due to the graphics in 
LOGO as compared to the arithmetic emphasis of the CAI. Too, since 
the CAI rewarded quick responses, it may have worked against in- 
creased reflectivity in the CAI group. 



CONCLUSION 

There is a lot of interest in investigating the effects of programming 
instruction on problem-solving abilities, either directly or indirectly 
through programming-augmented instruction. There appear to be 
some limited areas in which programming might improve problem- 
solving performance. However, to expect the general, and perhaps 
magical, transfer from programming to other areas (as claimed by 
Papert, 1980) is almost certainly unrealistic. Teachers must be alert 
to different outcomes with different kinds of students, such as are 
suggested by Rampy (1984). Only in this way can the learning of 
students be maximized. 
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One of the major advantages of using computers is that they are 
extremely fast at manipulating information. Most people who think 
about this capability tend to stereotjpe the kind of information that 
can be manipulated as only numeric. That stereotype is not at all 
accurate. Computers are just as capable of manipulating other kinds 
of symbolic information, such as characters or words. (Of course, the 
internal representation is numeric, but that need not concern the 
user.) That is, the computer can be turned into a processor of words 
just as easily as a processor of numbers. 

WHAT IS WORD PROCESSING? 

Word processing is the use of a machine to manipulate textual infor- 
mation; that is, strings of characters, whether the characters are let- 
ters, numbers, or punctuation marks. Word processing may be very 
simplistic, as in the case of a typewriter, or it may be very complex, 
as in the case of a sophisticated word-processing computer program. 

In the simplest case the typewriter merely prints on paper exactly 
what is typed; that is, the letters on the keys that are struck. It has 
no built-in correcting function and cannot move words around on the 
page. Many people have had the experience of writing a draft of a 
paper then deciding that the paragraphs needed to be rearranged. 
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Frequently the "cut and paste" method is used to do this rearranging; 
the paragraphs are cut apart, rearranged, taped onto new pages, and 
a new version is then retyped, Those kinds of tasks, along with cor- 
recting typos, reformatting text, and adding or deleting text, can now 
be done electronically, either on a machine that is solely dedicated to 
word processing or on a computer that is equipped with a program 
that makes the computer act for a time as if it were dedicated solely 
to word processing. A word processor thus allows considerable flex- 
ibility to an author to try out words, phrases, sentences, paragraphs, 
or even whole chapters without having the drudgery of retyping new 
drafts. (Indeed, this book was written with a word-processing pro- 
gram, with lots of rearranging of both words and ideas.) 

The first word processors weie machines dedicated onlv to this 
purpose. Since a computer is a multifunction tool, it must be fooled 
into behaving like a word processor. A word processing program 
carries out this deception. 

Knapp (1984) gives a good summary of the desirable functions to 
look for in a word-processing program. The most important are listed 
below; 

• Text Editing Functions 
writing and editing in one mode 

replace text through both insertion/deletion and search/ 
replace 

delete text by character, word; sentence, line, paragraph, or 

complete file 
insert text with automatic reformatting 
move text 
cursor movement 

recovery features to correct mistaken deletions 

• Screen Display 
format text easily 

show finished document on screen 

set margins, spacing, underlining, etc. 

embedded commai-ds to change margins, spacing, etc. 

• Help Features 
menus 
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manuals and reference cards 
tutorial program 
• Compatible Programs 
mail merge or form letters 
spelling checker 

data base management (pp. 55-56) 

It must be remembered that a word processor (or a computer 
that bolieves it is a word processor) is, after all, quite dumb; it cannot 
interpret the sense of what the author is writing and can only ma- 
nipulate the characters that are typed in. Further, these manipulations 
are carried out exactly according to the directions the user gives the 
program. This raises the question of whether typing skill is going to 
become essential for school children. After all, a better typist is likely 
to be a more efficient, though perhaps not a more accurate, word- 
processor user. No one at this point in the use of computers in the 
schools can say for sure what the role of typing skills will be. Probably 
as more and more children gain access to word processors, they will 
become motivated to learn enough typing skills to become relatively 
efficient users. Beyond that level of skill, however, there may be no 
real need to teach typing. In particular, since making corrections is 
so easy, great accuracy at typing does not seem necessary. 

There are basically three stages to writing with a word processor. 
First, the draft of the work is typed into the machine, with the text 
appearing on the monitor instead of on paper. While this is being 
done, the author has the option of backspacing at any time to correct 
mistakes in typing or to change words or phrases. The corrections are 
made electronically, and there is no need, for example, to wait for 
the correct ig fluid to dry, as typically is the case in typing. After the 
draft is finished, the author must tell the machine to store the words 
electronically on some permanent storage device, such as a computer 
disk. A very impoi tant lesson is always learned the first time this 
command is forgotten before the machine is turned off. (In such a 
case the work is all lost, and it must be redone.) 

Second, the draft can be viewed on the screen or on a printout 
and corrections can be made. At this stage, material can be added or 
deleted or parts of t ie text (as small as single letters or as large as 
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many lines) can be moved around electronically to determine their 
best positions. Since this is all done inside the memory of the machine, 
there is no need to worry about having to retype versions. For example, 
if a change needs to be made in the first paragraph, the machine 
automatically adjusts the spacing of the remainder of the work so 
that retyping is not necessary. 

Third, once all the changes have been made, the final copy can 
be printed out on paper, or can be sent electronically (over telephone 
lines or by satellite) around the world. Even at this stage, if changes 
need to be made, they can be completed and a new final version can 
be printed. 

One of the primary advantages of using a word processor is that 
an author does not have to settle for work that is merely acceptable 
simply because the task of reproducing a new version is so onerous. 
Rather, an author can set standards as high as desired and can work 
until those standards are reached. Likewise, a teacher of writing can 
set high standards and not be obliged to accept work that does not 
meet those standards just because the recopying of the work, either 
by hand or by typing, is difficult or time-consuming. 



INSTRUCTIONAL O^JECTIVES 
FOR WORD PROCESSING 

In the context of the elementaiy school curriculum, the use of word proc- 
essing might significantly change the ways that viriting and communica- 
tion are tauglit. The primary goals of writing instruction seem to be to 
teach children correct use of spelling, grammar, and sentence construc- 
tion while also helping them to learn to organize information into a coh- 
erent whole. Word processing can assist greatly in all of these tasks. 

Spelling is one of the easiest things to correct with a word pro- 
cessor. If a mistake is made only once, the author need only call up 
the text, search through it until the misspelled word is found, and 
then retype that word. If a mistake is made with some consistency, 
most word processors contain a feature that allows the author to call 
up the text and then to have the machine itself search for each oc- 
currence of the misspelled word and change each of those occurrences 
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to the correct spelling. This means that teachers could refuse to accept 
a paper until all of the misspelled words are corrected. The child does 
not have to do the retyping, which is done automatically, so the time 
spent in making the corrections is relatively very short. 

Grammar and sentence construction might also be corrected in 
similar ways. It might not be easy for children to know when to correct 
fhe'r <xrammar, but a paper that has been marked by the teacher can 
be returned to the student and a corrected version can be demanded. 
Again, the task of producing the new copy is very easy. 

The ease with which the technical details of writing can be handled 
will allow both the teacher and the students to focus their attention 
on the organization of thoughts into a coherent whole. The focus of 
instruction, therefore, might turn from technical detail to logical 
thinking and logical expression of one's thoughts. Either the teacher 
or the student (or both) could set the standards for acceptable com- 
munication in a particular piece of work and revisions could be made 
until those standards are attained. 

This means that the processes of revising writing may become 
more important than the processes of original organization of that 
work, though, of course, if the original orgaiization is good, the 
amount of revision needed v^dll be greatly reduced. Some of the time 
that is spent on trying to convince children to outline a paper before 
they begin writing, for example, may be convei led into time spent on 
teaching children how to read their work with a critical eye and how 
to know when to revise and when to leave well enough alone. 

Creative writing can also be made easier with the use of a word pro- 
cessor. An author can sit down and let her/his imagination loose. Bits and 
pieces of a woik can be typed in with the fiill realization that they can be 
edited, moved around, deleted, or added to at any time. This allows a 
work to generate itself, at least partially, without the author's feeling re- 
stricted by the time needed to reproduce a copy of the wori^. 

WORD PROCESSORS FOR THE 
ELEMENTARY SCHOOL 

There are a variety of word processors that teachers have used suc- 
cessfully with elementary school students. Before one is described as 
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a sample, some general guidelines will help to identify the features 
that such a word processor needs to have. 

First, it should be easy to use and should require essentially no 
knowledge of the workings of a computer. In computer jargon this is 
called "user-friendly." All that a student should have to do is put the 
computer disk into the disk drive and turn on the machine. From that 
point on the student should be prompted by the program itself about 
what needs to be done. Of course, the student will have some choices 
to make, and s/he needs to know how those choices will affect the 
work being written. But the operation of the machine should almost 
always be prompted by the machine telling the user what needs to 
be done. 

Second, the word processor should allow easy editing of the work. 
This includes moving text around, deleting text, adding text, and 
search and replace functions. (This last function means that the pro- 
gram itself will search for all occurrences of a particular string of 
characters and, if instructed to do so, replace them with another string 
of characters. An example of this is in changing every isolated occur- 
rence of "i" with "I".) Some word processors also have built-in safety 
features; that is, when a user instructs the program to delete or move 
something, the program prompts the user by asking if s/he n illy 
means to do this. This is obviously not a necessary feature of word 
processors, but it is quite desirable, especially for use with young 
children. 

Third, the printing commands should be easy to use. Options that 
ought to be part of such commands are the number of characters per 
line, the number of lines per page, whether pages are to be numbered 
and, if so, whether the numbering goes at the top or the bottom, 
spacing between lines, and the number of copies to be printed. 

Beyond these essential features of any word processor a number 
of extra features make a word processor more or less useful. Carriage 
returns should be marked by a sf)ecial character or symbol on the 
monitor screen (but not on the printed copy) so that the author knows 
where they are. When they apf)ear as blank spaces on the monitor, 
the author has to guess whether s/he has inadvertently hit a RETURN 
at the end of a line on the screen when a RETURN was not intended. 
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These extra RETURNS do not show up until the printed copy is made. 
At that point it may be difficuh to figure out why the printed copy is 
formatted in such a strange way. Adults who first learn to use a word 
processor typically want to hit a carriage return at the end of each 
line on the monitor screen, since that most closely models the behavior 
they have learned to use with a typewriter. However, a word processor 
automatically takes care of the spacing of words on the page, except 
at the ends of paragraphs, so novice users typically have too many 
carriage returns in their work. 

It is also nice to have the capability to embed formatting com- 
mands (such as underlining or changes in the margins) in the text. 
Primarily this is done so that the printed version of the work is for- 
matted in special ways as it is being printed. The simplest type of 
embedded command is indenting of pieces of text, such as might be 
required if a long quotation were included in the middle of a paper. 
Virtually all word-processing programs allow this simple capability, 
but sometimes only indenting on the left side is allowed. Sophisticated 
uses of embedding of commands would be required in the writing of 
poetiy so that some lines are indented within the poem, or in the 
writing of an outline with its formal system of indentations. In writing 
reports, say of science laboratory assignments, it is often necessary to 
put in tables of information. Embedding of fc natting commands is 
the best way to create these tables with multiple :olumns. A simple 
word-processing program may not have the capability to handle this 
type of task. 

One of the most talked-about word processors is Bank Street 
Writer, developed at Bank Street College in New York. It was created 
for use by elementary school students who were assumed to be no\ace 
computer users. The first feature of this word processor to be noticed 
is that at all times the commands available to the user are displayed 
at the top of the screen. Once these commands are understood, the 
program becomes very user-friendly, since the repertoire of commands 
neither has to be memorized nor constantly checked on a summary 
sheet; everything the usf needs to know is always on the screen. 

: here are, however, different modes of operation for the program 
with which the user must become familiar. In the write/edit mode 
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text is entered into the memory of the computer, and the cursor can 
be moved around in the text to allow corrections, additions, or dele- 
tions to be made. As with all word processors, the cursor position is 
the only place that changes or additions can be made to the text. In 
the print mode a copy of the text can be printed, or text can be saved 
onto or retrieved from a disk. First-time users sometimes have diffi- 
culty in becoming comfortable with the differences between these 
modes. All word processors have these functions, but many word 
processors allow users to shift among the functions without changing 
modes. 

Several very useful options are built into this program. First, when 
the user wants to delete or move text, the program prompts with the 
question, "Do you really want to do this?" Even after the action is 
done, the user has one chance to undo the deletion or the move. Once 
any other action has been taken on the text, however, that chance is 
lost. In the print mode the program prompts the user with a list of 
questions that allow the line length, the page length, the spacing, 
pagination, and a variety of other format concerns to be set. When 
the printout is completed, the program asks if another copy is desired. 

After some experimentation with the package, it becomes clear 
that there are real limits on the size of a document that can be written 
easily. Each text file that is c eated holds only about ten pages of 
material (about 2,300 words), so a very lengthy document would have 
to be written in pieces. Since files can be linked for printing, this is 
possible, but it does cause some awkwardness in writing anything 
lengthy. 

Anderson (1983) in a review of this word processor stated that "I 
cannot think of any features I would demand of a $70 word processor 
that are missing from this package" (p. 34). While this may be an 
overstatement, it should be pointed out that some word-processing 
features are missing, though at the current cost of the package it 
might be unreasonable to expect them For example, there is no way 
to produce form letters with individual names and addresses in the 
heading; and there is no capability to embed commands, so formatting 
a poem or an outline is quite awkward. Figures 9.1 and 9.2 show two 
of the screens that a student might encounter in using Bank Street 
Writer. 
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FlgMre 9.1 Edit mode 

All in all. Bank Street Writer is quite a good word processor for 
simple documents. It would serve many useful purposes, both for 
students and for adults. During part of 1932-83, for example, Bank 
Street Writer was one of the top five most-often-purchased software 
packages in the home computer market. It is a package that can be 
shared by both adults and children, and that may be part of its appeal. 

Some other word processors currently available for microcom- 
puters include the following: (Of course, not all are appropriate for 
elementary school students.) 



Apple Writer 
Atari Word Processor 
Easy Writer 
Electric Pencil 
Lazy Writer 



Newscript 
Papermate 
Screenwriter II 
Scripsit III 
Super Text II 
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Figure 9J2 Write mode 

Letter Perfect 
Letter Writer 
Magic Wand 
Magic Window 
Mini Word Processor 



Text Wizard 
Wordpro 4 Plus 
Wordstar 
Write One 



New programs are frequently being introduced to the software 
market, so the buyer should try out several packages and read reviews 
that are available before spending the money necessary to get a good 
word processor. The packages listed above range in price from about 
twenty to about five hundred dollars, and some of them require ad- 
ditional hardware in order to operate properly. All ot these consid- 
erations need to be taken into account prior to purchase. Also, not 
every package works on every microcomputer. In fact, most are spe- 
cifically written for one or two kinds of hardware. This is obviously 
one of the major considerations that a buyer must consider. As with 
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any purchase, you frequently get what you art vvilHng to pay for. The 
more expensive the padcage, the more the user can and should demand 
from it. 



Many different writing activities can be done with a word processor. 
They range from low-level drill and practice activities to sophisticated 
creative- writing activities, with many activities of intermediate diffi- 
culty in between. Many professional journals are devoting whole issues 
to word processing: for example, Tl^ Computing Teacher in May 1934. 
These special issues usually contain suggestions for ways to use word 
processors in classrooms. 

A few activities are briefly described below, generally moving from 
less difficult to more difficult. The examples are provided partly as a 
starting point; teachers should expand them or combine them in 
whatever ways are most useful for a particular classroom setting. 

1. Sentence Combining. One of the lowest-level activities is 
sentence combining. A set of sentence pairs can be stored 
on a disk by the teacher. Students then retrieve that file 
from the disk and write a comf)ound sentence to replace 
each pair of sentences in the file. The finished work can 
either be stored on a disk or printed out to hand in. 

2. Change Words. There are several forms of this activity, 
some more difficult that othe s. The simplest is for the 
teacher to prepare a short document (e.g., a paragraph) 
and store it on a disk. The students retrieve the document 
and change the tense of each of the verbs, or change the 
subjects and verbs from singular to plural. A more chal- 
lenging activity is to "inflate" or "deflate" the number 
sounds in each word. For example, in the word into the 
"-to" sounds like two. To inflate thie word the students 
would write "inthree," while to deflate this word they 
would write "inone." This type of activity creates concep- 
tual nonsense, but it forces the students to analyze each 
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sound in each word, and it may be useful practice for skills 
like syllabication. 

3. Finish/Start a Story. The teacher could store ihe beginning 
(or the end) of a stoiy on disk, and the students could finish 
(or start) that stoiy. This activity gives practice at orga- 
nizing sequences of events and allows for considerable crea- 
tivity without forcing the students to begin with a blank 
page. 

4. Stream of Consciousness. One nice teature of word pro- 
cessing programs on computers is that if the monitor is 
turned oflf, but th'^ computer is left on, information can 
still be typed into memory; the information is simply not 
visible on the screen. When the monitor is turned back on, 
the information will appear on the screen (as if by magic!). 
Turning the monitor oflF prevents a writer from looking 
back at what has been written; and if s/he has a strong 
urge to edit during that composing process, that urge has 
to be suppressed. This is a good technique for encouraging 
writers simply to write down their thoughts as a stream 
of consciousness. Then after the thoughts are written, they 
can be rearranged and edited as required. 

5. Electronic Newspaper. Students can create an electronic 
newspaper or magazine using a word processor. Individ- 
uals or teams can compose articles, and a review panel of 
students (i.e., the editorial board) can select the articles 
that are to be included in the "newspaper." Copies could 
be printed, or the newspaper could be kept solely in elec- 
tronic form on disk. Students could then access the articles 
via the computer. 

6. Electronic Letter Writin^^. If modems and telephones are 
available, students in different rooms in the same school 
(or in different schools in town or even in different schools 
around the country) can write letters to each other on a 
word processor and then send them electronically. Several 
projects have been set up to allow students from different 
cultures to learn about each other in this way. Students get 
practice in writing and they have the motivation of talking 
with another student. 
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In the primary grades the first four of these activities would seem 
to be most appropriate. The content should be kept simple, but even 
very young children should be exposed to this means of writing. There 
IS also a word-processing program, Write One (Purdy and Purdy , 1983) 
that has been developed especially for first-grade students. This pro- 
gram uses graphics to create large print on the screen and then prints 
the same characters when a printout is made. 

In the intermediate grades all six of the activities are appropriate, 
though the last two would take special planning and equipment. As 
will be noted later, one of the consistent findings of word-processing 
research is that students tend to write more with a word processor. 
Creative writing is thus more likely to become a regular part of the 
language arts curriculum when a word processor is used. Students 
are more willing to write and they will likely write more. The focus 
of attention can really be on expression, with the mechanics taken 
care of during the editing phases of the activities 



RESEARCH ON THE USE OF 
WORD PROCESSORS 

There appears to be relatively little research on the use of word pro- 
cessors to teach writing skills. As a consequence, the effects claimed 
for such use is often based on anecdotal information that may or may 
not truly represent stable effects that would V common across ;nany 
teachers. 

Henney (1983) studied the effects of type style oi. .le monitor 
screen (all capitals or mixed upper and lower case) on the speed and 
comprehension of reading information. She used two samples, sixth- 
gradeib and prospective elementary school teachers. For the sixth- 
graders there appeared to be no difference either in speed or in com- 
prehension of material for the two type styles. However, the students 
said they preferred the mixed style since it was more familiar. For 
the prospective teachers the mixed style was read faster, but the all- 
capitals style was read more accurately. (Perhaps the slower reading 
speed encouraged more attention to individual words and thus more 
attention to the meanings of those word^ Stuu.es like this are very 
important, since the use of monitor displays is so new. The fact that 
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the monitor is vertical instead of horizontal, as a printed page usually 
is, may also make an important difference in the way that students 
process the information they read. Until more research is carried out, 
teachers should not assume that the information on the monitor is 
being perceived in the same way as in a printed document. 

In terms of the effects of word processors, rather than just the 
effects of computer displays, Daiute (1982) pointed out several effects 
in a brief, research survey article. First, writers who use computers 
tend to be less concerned about the errors they make, possibly because 
they know that errors are easy to correct. Too, the "prettiness" of the 
printed output of the word processor tends to give a "halo" effect to 
the judgment of the quality of the WDrk. That is, writers may tend to 
see their work as better than it is, just because it looks good. Also, 
students who have serious motor-skill difficulties seem to be helped 
greatly by using a word processor; they are much better able to express 
their thoughts. 

Second, computer writers tend to write longer works. There is no 
guarantee that the extra length adds anything to the quality. 

Third, computer writers tend to revise more and to experiment 
more with rearrangements of words. 

On the negative side of things, anyone who wants to use a word 
processor must learn the language of that system. That is, each pro- 
gram has special words or keys that instruct the word processor what 
to do. Depending on what the writing tasks are, learning to use these 
special commands may take many hours. But until those commands 
are basically mastered, the word processor may actually slow down 
the process of writing. The special words may constitute a minicom- 
puter language, and learning this computer language may be some- 
what difficult. 

With the advent of more sophisticated computer technology, such 
as voice-driven computers, the use of word processors may become 
noticeably easier and more common. The initial difficulty in learning 
the special commands, for example, may be avoidable. Too, more 
electronic connections among computer terminals around the world 
may result in more written communication than is currently being 
used, but that communication may be via electronic transfer rather 
than in paper form. 
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Piper (1984) used word processing to teach sentence combining 
to fifth-graders. Her hope was to improve the syntactic maturity and 
the reading comprehension of the students. She used a case study 
approach; the experimental and control groups each contained two 
students above grade level on standardized test scores and two stu- 
dents below grade level. The treatment was forty-five minutes of sen- 
tence combining (via a word processor or in the traditional way) per 
day, twice a week, for eiglit weeks. On a posttest of writing the number 
of words per sentence and the number of embellishments (e.g., de- 
scriptive phrases) per sentence were greater for the experimental 
group than for the control group. However, there was no difference 
in reading comprehension between the two groups. This suggests that 
the objectives for word-processing activities should be fairly specific. 
Wide transfer should not be expected. 

Kiel (1985) helped third- and fourth-graders with learning diffi- 
culties in five schools in Alaska and California develop an electronic 
newspaper network over a twelve-week period. The students in the 
five schools traded stories (via disks sent through the mail), and an 
editorial board in each school selected the stories that it wanted for 
its own newspaper. All of the stories were written by student teams 
so that mere was peer interaction, team editing, and peer review 
during the composing stage of each story. 

Although no striking change in the cognitive skills of the students 
occurred, their attitudes toward writing did appear to be significantly 
improved. They were eager to write and to share their writing with 
other people, such as parents. The stories they wrote also changed 
during the course of the project. The number of words increased, and 
the focus of the stories changed from talking about things (static) to 
talking about activities (active). In describing activities, students by 
the end of the project were better able to sequence events clearly and 
correctly. There were also changes in the criteria used to select the 
stories for inclusion in the newspaper, but these differences seem to 
be less quantifiable. 

Sharpies (1983) described an experimental writing package, 
adaptable for home computers, tha* was designed to assist children 
in developing their writing skills. Many of the features of this package 
are similar to features of word processors, but there were unusual 
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features as well. Students could create "nona^nse" sentences or short 
stories by having the computer pick words of a particular type (e.g., 
noun) from lists of words of that type entered earlier by the student. 
Text could also be transformed by substitution of words, by combining 
sentences or phrases, or by using a self-contained thesaurus to find 
nearly-equivalent words. The package seemed eflFective for a trial 
group of six eleven-year-olds, though more experimentation is called 
for to verify its effectiveness. The creativity of the package suggests 
that home computers can soon be expected to have the capability both 
to teach writing skills and to let writers take advantage of word- 
processing capabilities. 

Lewis and Mack (1982) examined the difficulties that adults had 
in learning by themselves a text-processing system. Although the sub- 
jects were adults, the difficulties identified may apply to dementaiy 
school students whenever they are expected to learn even vaguely 
similar content on their own. First, learners have trouble following 
directions, and they try to learn-by-doing without appreciating how 
preparation (e.g., reading the directions) might help. Second, learners 
have trouble coordinating directions with the actions involving the 
keyboard. This may represent cognitive overload, too much infor- 
mation to deal with. Third, failure with one step in a sequence may 
make the remaining steps impossible to follow because they do not 
match what is happening on the screen. The net result of these dif- 
ficulties is that learners lose track of their goals, and the learning 
experience reduces to more-or-less random trials. 

In addition, learners tend to till in their understanding with in- 
tuitions or inferences about the material to be learned. These intuitions 
arc oflen wrong; and as a result, learners' generalizations are of^en 
equally WTong. Compounding this phenomenon are difficulties in de- 
termming what niformation is relevant. Frequently all information is 
treated as equally relevant, in spite of the fact that this is onlv seldom 
true. 

Teachers must obviously be alert for signs of these difficulties, 
even when instrviction is carefully secjuenced. It is sometimes hard 
for experienced people (e.g., teachers) to empathize with the diffi- 
culties of naive people (e.g., students). 
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CONCLUSION 

The research on the use of word processors is in its infancy. Of course, 
until the technology of word processing became available, its use was 
only a dream. Word processors have not been available long enough 
for many studies to be conceptualized and executed. Researchers are 
just beginning to identify appropriate questions to ask about the effects 
of word processors. By the end of the decade much more should be 
known about the effects in teaching writing and language arts. Un- 
doubtedly there will be some positive effects, and some new instruc- 
tional approaches can be carried out that previously were impossible. 
But teachers should not expect word processors to be a "cure-all" for 
problems in teaching language arts. Indeed, teachers will be faced 
with a critical question of what language aits skills and concepts are 
most important in a world that takes word processing for granted. 
That is a difficult question to answer, but it is probably the most 
important question to ask. 
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Computer literacy has become one of the 'l^uzz words" of the 1980s. 
This seems to have happened primarily because the dramatic advances 
in computer technology have had an enormous impact on all aspects 
of life, especially on education. All educators are faced with the chal- 
lenge of dealing with computers in many ways that could not even 
have been imagined as few as five years earlier. 

At this point each person's approach to computer literacy must 
be to a great extent personal. Computer literacy is an area for wh h 
there are not yet many consensus positions. Until some stability is 
attained in defining this concept, heated debates, more emotional 
than rational, will likely continue over both definitions and the range 
of application of those definitions. There has also been speculation 
that the whole debate will become mute as the current generation of 
elementary school children reaches adulthood and carries with them 
skill at using computer technology. Perhaps so, but for today, com- 
puter literacy is a necessary concern of teachers. 



A definition of computer literacy must be built on an implicit as- 
sumption of what literacy means in general. One approach to literacy 
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is that it signifies the minimum needed to get by in that area. A second 
approach is that it means that one is truly educated about that area. 
There are frequent shifts between these two definitions; for example, 
on the one hand there is concern about the percentage of the copu- 
lation that is functionally literate (the minimum approach), and on 
the other hand specific people are praised for being so literate (the 
fully educated approach). The kind of definition accepted for com- 
puter literacy depends greatly on the underlying assumption that is 
made about the particular kind of literacy. 

From the view of the minimum approach, computer literacy prob- 
ably would mean that a person knows enough about computers to 
get by in the world. It would be expected that such a person would 
know some terminology (e.g., hardware, sofhvare, input, output), 
some facts about the ways that computers are used in the world, and 
minimal information about the kinds of sofhvare that are available 
(e.g., word processing, games, educational software). 

From the view of the fully educated approach, much more would 
be expected. A fully educated, computer-l-terate person might be ex- 
pected to know how to program in one of the standard computer 
languages (e.g., LOGO, BASIC, Pascal) and to be able to use the 
computer to solve some simple problems (that is, to be able to use 
the computer as a tool). In addition, that person might have much 
more sophisticated familiarity with terminology and with the impact 
of computers on society, both in today s world and in the world of 
the future. 

In one sense the difference between these two definitions is ex- 
emplified by the positions on computer literacy taken by Anderson 
and Klassen (1981) and Luehrmann (1981). Anderson and Klassen 
conducted an extensive study of the kinds of things that teachers were 
teaching about computers. They then used this information to for- 
mulate a definition of computer literacy that in a real sense repre- 
sented the position of most computer-teaching teachers in the late 
1970s and early 1980s. Their objectives for computer literacy spanned 
ideas such as the following: 

1. applications: current uses of computers and general con- 
siderations for apphang computers to new situations 



what Is Computer LiteroQ^for the 1980s? 



151 



2. hardware: terminology of a computer system 

3. impact: positive and negative eflFects of computerization 
in society 

4. limitations: capabilities and limitations of computers as 
machines 

5. programming/algorithms: read, modify, interpret, and 
construct computer programs and algorithms 

6. software and data processing: terminology of software in 
general, and information processing systems in particular 

7. usage: motor and procedural skills for operating a com- 
puter or a computer terminal 

8. values and feelings: attitudes toward personal use of com- 
puter and toward computers as a social force 

Although their article goes into some depth on specifying sub- 
objectives for each of these areas, Anderson and Klassen state that the 
amount that anyone ought to know about each depends on many 
factors. It would, for example, be possible for a person only to exhibit 
literacy on a multiple-choice test of regurgitated information and yet 
to meet the computer-literacy objectives of Anderson and Klassen. 
Thus, in one sense, this is a minimalist's view of computer literacy. 

Luehrmann on the other hand takes the position that people are 
not computer-literate until they can talk in a computer language; that 
is, not until they can program. He assumes that most of the other 
kinds of objectives that Anderson and Klassen list will develop more 
or less automatically once one begins to interact with a computer. 
Expecting this much generalization and transfer is probably unrea- 
sonable. Yet in at least some of the areas (e.g., feelings about personal 
computing) most likely bands-on experience is essential. 

In terms of the current capabilities of computers there is probably 
a strong argument for requiring that a computer-literate person be 
able to program. For many tasks that one might want computers to 
do there is no available software to accomplish the task. In this case, 
there may be little choice but to wTite an appropriate program or to 
forego that particular task. However, in terms of the possible future 
development of both hardware and software, computer technology 
may become so user-friendly that it may become unnecessary for most 
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people to know how to program, at least in the sense of learning a 
special language for writing programs. In the not-too-distant future 
it may be possible literally to talk to computers and to get them to 
perform without having to sit down and write programs, or even 
having to obtain special software. Many functions may be built into 
the hardware, and that hardware may be able to recognize spoken 
English. 

These two positions on computer literacy contrast the notions of 
minimal and fully educated literacy, simply applied to the area of 
computers. The particular position that anyone takes will probably 
reflect her/his general position on what literacy means. Teachers must 
identify the underlying assumptions of any participant in a discussion 
of computer literacy. 

Deringer and Molnar (1982), in summarizing a national confer- 
ence of computer literacy, noted that computer literacy for the 1980s 
is necessary, both collectively for the survival of the U.S. and individ- 
ually for participation in the emerging "knowledge" society (p. 4). 
They also identified several key components for achieving computer 
literacy. 

1. recognition that computer literacy is multifaceted 

2. identification and development of knowledgeable people 
both to create new tools and materials and to effectively 
use those that are available 

3. involvement of home, workplace, and community in de- 
veloping computer literacy 

4. presence of computers for instruction in all schcols and for 
all students 

5. availability of high-quality curricula and courseware 

6. continued innovation, research, and development to iden- 
tify new opportunities for using computers (pp. 5-7) 

While these concepts are certainly general and might apply to many 
kinds of literacy, too often it seems that presentations about computer 
literary ignore most of them, to the detriment of a thorough under- 
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standing of the range of notions encompassed by the term computer 
literacy. 



WHAT IS COMPUTER 
LITERACY FOR 1990 
AND BEYOND? 

In order to determine what computer literacy might be for the next 
generation of students, it is necessary to try to identify the underlying 
computer-literacy concepts. That is, what is it about computer literacy 
that is not likely to change and is definitely not dependent on the 
particular hardware and software available at the moment? Those 
general concepts will form the core of a useful understanding of 
computer literacy for the 1990s. 

One fundamental aspect of computer literacy is that the literate 
person knows how to discuss computer-related ideas. That is, basic 
terminology is important and is likely to remain so. The underlying 
terminology seems to include terms related to the conceptual orga- 
nization of the hardware (e.g., memory, central processor, external 
storage), to the interactions of people with the machines (e.g., input, 
output, hardware, software, terminal, modem), and to the special 
informational structures that a computer environment demands (e.g., 
data base, disk storage). A computer-literate person must be able to 
deal with these concepts. 

A second fundamental part of computer literacy is understanding 
the changing ways that computers impact on our lives. For example, 
currently there is a lot of talk about the use of robots to replace 
traditional blue-collar workers. A computer-literate person needs to 
know that these robots are in fact run by computers and that the 
miniaturization of computer technology will soon mean the increased 
use of robots in much more man menial jobs. The notion of what 
computer-driven technology is capable of doing is undoubtedly going 
to expand greatly, and computer-literate people need to have a context 
within which to understand this expanding concept. 

In particular, the development of easily accessible and easily 
searched data bases udll turn many "professional" tasks into com- 
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puter-operated activities. One of the most frequently encountered may 
be visits to the doctor. Computers can ali oady be programmed to take 
medical histories and to make preliminary diagnoses based on the 
^ptoms given by the patient. (In fact, in some areas of medicine, 
like alcoholism, computer diagnosis is already demonstrating itself to 
be more accurate than human diagnosis, partly because patients are 
more willing to give accurate information to the computer than to a 
human interviewer.) In the near future, computer diagnosis of ordi- 
nary Illnesses may be common and may even be conducted by tele- 
phone or by interacti^'e computer hookups over telephone lines. 
Physicians may in turn be able to spend more time with patients, 
particularly at the point in an examination at which critical infor- 
mation needs to be gathered and at which the patient needs the most 
individual attention. The computer will have done the tedious, initial 
data-gathering activities. Thus, the increased use of computer tech- 
nology may actually increase the personal interaction of professionals 
vnXh their clients, while at the same time allowing more efficient use 
of the professionals' time. 

A third aspect of computer literacy that is likely not to change 
over the years is knowledge of the tasks for which software is available, 
or for which specialized computers are being manufactured. A com- 
puter-literate person needs to know that a computer can act as an 
efficient word processor, a speedy budget planner, a tireless record 
keeper, a clever player of games, and a patient tutor for educational 
purposes; and for each of these tasks a wide variety of software is 
available. With this knowledge, the computer-literate person can take 
advantage of the power of compiiters. Without this knowledge, s/he 
probably would continue to perform these tasks in ways that are 
traditional for her or him There would be no improvement in the 
quality of life because oflack of knowledge that improvement was 
possible. 

At the same time, one needs to be careful not to limit the per- 
ception of what computers can do to the level of current computer 
software. Creative people will continue to design new solutions to old 
problems (and indeed new solutions to new problems), and a com- 
puter-literate person needs to attempt to stay more or less current on 
those new solutions. 
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Finally, a fundamental concept of computer literacy is knowledge 
of the special languages of computers. Given the current state of 
technology, this probably means that a computer-literate person needs 
to know how to program ot a simple level. From one perspective some 
computer applications like word processing might be conceptualized 
as a specialized computer language. All of the currently available 
word processors require the user to learn a set of specialized com- 
mands in order to make the package operate. These commands are 
sequenced in different orders to accomplish different tasks, though 
these commands are usually used only in immediate execution mode; 
there is no option to write a word processing "program." Thus, learn- 
ing to use a word processor might be roughly equivalent to learning 
to program. 

Too, it is quite believable that in the future the language of the 
computer will be ordinary spoken English, though probably with a 
very limited vocabulary. When this happens, proper use of English 
may become critical in order to make use of computer technolog)^. 
There will be no special language required for many applications. 



Hunter (1982) in di' ussing aspects of computer literacy for the ele- 
mentary school gives perspectives of both the current state of affairs 
and the potential for the future. In both cases her focus seems to be 
on the underlying concepts that support computer literacy. In terms 
of the current state of affairs, she identifies four main areas: (a) using 
computer programs, (b) procedural thinking, (c) computer applica- 
tions, and (d) social and values implications of computer/commu- 
nications systems (p. 219). In the area of applications, for example, 
she suggests that it is important for students to learn to think in terms 
of the general systems that might be encountered. Thus, notions of 
user, uses, output, input, and data base are the critical concerns. 
Understanding these notions will give students flexibility, but only if 
they gain firsthand experience with different uses of computers. Merely 
being aware that there are different uses of computers is not sufficient. 
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The resulting flexibility will allow students to adapt to whatever sit- 
uation they are in, instead of being bound by the particular, perhaps 
rotely learned, information that was presented in class. Particular 
applications are to be viewed as instances of the general concepts and 
help to enhance students' understandiug of those general concepts. 

In the long tcmi. Hunter optimistically projects that students will 
have in fhe schools much of the same computer technology that is 
being used in the real world. Further, all students will develop the 
skills nt-eded to take advantage of that technology. Students will ad- 
dress moi^ sophisticated problems than are currently being addressed 
in school curricula and will have the resources, both physical and 
intellectual, to solve them. Communication will be the overriding focus 
of activity, and a culture of social responsibility about how to use 
information will be built into the curriculum. 

If this vision is even close to being correct, there will need to be 
pen^asive changes in the ways that education is provided to students. 
But without a start now on the development of computer literacy in 
the elementary school, there is no hope that such a vision could be 
correct. Teachers must themselves first acquire the knowledge with 
which to approach the task of preparing students for full participation 
in the information society of the next century. Otherwise, teachers 
may find themselves to be so uninformed that they can no longer 
effectively communicate with students. 



COMPUTER LITERACY IN THE 
PRIMARY GRADES 

Ck)mputer literacy in the primary grades has implicitly been defined 
in the preceding chapters. That is, primary-grade students should be 
exposed to some CAI (e.g., drill and practice or tutorial), some tool 
uses of computers (e.g., word processing), and some programming 
and problem solving on the computer. All of these pieces fit into the 
general concept of computer literacy, and in fact the notion of com- 
puter literacy seems merely to pull the pieces together into one whole. 
Bitter (1982), for example, has provided a scope and sequence chart 
of some computer-literacy components, much of which is consistent 
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with the general definition outlined in this chapter. The Cupertino, 
California, School District (Cupertino, 1983) has also provided a scope 
and sequence chart for computer-literacy objectives for elementary 
schooL For the time being, separate computer-literacy units designed 
to teach concepts like those in these charts are likely to be the best 
way to proceed. These units will gradually be replaced with integration 
of computer literacy into other activities. 

COMPUTER LITERACY IN THE 
INTERMEDIATE GRADES 

There is more need to implement specific computer-literacy units in 
the intermediate grades, for these students will soon face the need to 
use computers in junior and senior high schools. One attempt to 
organize computer-literacy units at this level has been made by Al- 
berta Education, the provincial department of education in Alberta, 
Canada. Their scope and sequence chart is presented in Figure 10.1. 

It is probably significant that the only objective that crosses all 
three grades is Topic 2: How to use a computer. Using prepared 
programs (including tool programs), showing responsibility in using 
the equipment, and feeling confir'ent about one's ability to control 
the computer are veiy important characteristics of a computer-literate 
person, regardless of the particular definition of computer literacy. It 
is also important that no particular computer language is specified 
in Topic 3, though LOGO is mentioned in the notes. More has already 
been said aoout the choice of language in Chapter 8. 

Another sequence has been prepared by the U.S. Department of De- 
fense Dependents Schools (1982), Quite a bit of overlap exists between the 
two lists, but programming is referred to as computer science rather than 
computer literacy in the U.S. list (Figures 10.2 and 10.3). 



HOW IMPORTANT IS 
COMPUTER LITERACY? 

It should be obvious that computer literacy is already a very important 
part of the background of any elementary school teacher, and it will 
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CORE COMPONENTS 



Topic 1: How computers do their work 



Goals : 



To develop student understanding of basic cfimputer 
operations and terminology. 

To develop an appreciation of the technological 
development of computer systems. 



DIMENSION 
STATUS 



The stu nt will: 



describe the 
Basic operas jons 

AND HISTORY OF 
CO»f UTER 
SYSTEMS 



.1 Identify the 
major parts oi 
a oonputer. 



0«scrlb« In h(s^ 
her words the 
terms "'lardware*^ 
and "software' 
and list 
•xa-^les of 
•ac^. 



Describe In h,s 
her words w^at 
ts meant by 
•■inpaf* and 
"ou+put" and 
gi ve eo-^p les 
of •ac^. 



Recognise that 
a computer ge*s 
Ins+ruc+ions 
from a prograTi 
written by a 
person. 



GRADE 
4 I 5 6 



SUBJECT OORf?EL*"'ION 
SOCIAL STUDIES/LANGUAGE ARTS/M«tmemat ICS 



1.1 - 1.3 

Language A'-ts - Grades i, "j, »j - n^n'^ 
Increasingly comp ex ma*e'-iaf -iti fluency, 
speat'wnte fluently a^ou* mcr-asmgu 
complex subjects. 

Demonstrate con*inuing growth m oral 'written 
vocabulary (breadth and dep*h) by using- 
increasingly precise voca^ui5'-y. 



Languaye Arts - Grades i 
anH infer re I at tons^ i ds , 
effect. 



5, ^ - Identify 
e.g. tif»te, cause and 



NOTE: Dimension Codes 
Hands-On Requi re 

Recommended grade if unit is taught . ross Division II grades — X 



A « Awareness; F «= Function; 
U ■ Critical Understanding. 
Hands-On Required * 



Figure 10.1 Alberta Education Computer Literacy Scope and Sequence for Ele- 
mentary School 
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DIMENSION 
STATUS 



SUBJECT CORRELATION 
SOCIAL STUOIES/LANGUAGE ARTS/MATHEMAT ICS 



Identity the 
$Imi la''itits 
end differences 
enong cofnpu+ers 
calculators and 
electron i c 
games. 



1 .6 Recognize that 
computers are 
best su ited to 
tasks reQjiring 
speed, accuracy 
repea*'ed 
operat ions and 
processing of 
large a-ounts 
da*a. 



1 Recogn i ze the 
rapid changes 
in conipu ter 
capabi 1 1 1 Its 
Since t^e 



£xp lam the 
baste operation 
of a co'^Du'e^ 
tn te'-'^s o* 
input, orocess- 
mq ai'l output 
of data. 



1 .9 Recognize the 

relationship of 
mou* to the 
res J 1 1 or 
Ou*pu*. 



1.10 Recognize tha* 
oeop le con+roi 
what co"vute'"5 
do. 



Moth - Use e calculato end a computer as 
computational tool Ir problem-solving 
sttultlons (Appendix IV, Elementary 
Mathematics Curriculu"i Gyidt, 1982). 

- Use a celcuJfttor and a computer m 
Extension end Enr lchr»M»nt activities i\0% 
allocation of Math time). 



Social Studies - Topic 4P • Inquiry Ques+ions 
7 and 8: 

7. What are some ways m which lifestyles 
today differ from lifestyles during t'le 
settlement era, the Grea* Depression ai'^ 
World War It* Are the--- differences m 
such areas as emplovmen*, leisure time 
activities, education and availability of 
material goods' 

8. What might h f e be like when today's yad€ 
four students are dults' Might there be 
new and different kinds o* occupations, 
leisure time activities and ways to learn 
new sk 1 1 Is' 



Language Arts - Grades 4, 6 - Spea*</wn+e 
fluently about increasingly complex sjbjects. 



1 .9 

Math - Step 4 in the Proble-^Solving nrocess 
(assess the process on the basis of the answer 
or resulting produrt). 



1 JO 

Language Arts - Grades 4, 6 - identify and 
Infer relationships e.g. cause an-l effect. 



Figure 10.1 (contmued) 
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Topic 2: How to use a computer 

Goal: To develop student skills, altitudes and interests which 
facilitate the use of computer systems. 



OBJECTIVES 



The student 



2.0 USE A COMPUTER 
SYSTEM 



Use a prepared 
progran m a 
computer. 



Show respect 
and respons i b i 
I Jty for eou I 0 
went and o+'^e'' 
use-'s' materials 
(e.g. follow 
safety anrf 
SChedg I Ing 
ruJes ) . 



Use syste-n 
commands to 
load and run 
programs. 

F^eel cofi*iden* 
about his/her 
abt I Jty to use 
and COnt'-3) 
computers 



DI^IENSION 
STATUS 



GRADE 
4 5 6 



SUBJECT CORRELATION 
_ SOCIAL STUDlES/LANG'jfGE ARTS/mAThEM»" ICS 



Computer Literacy objectives 2.1-2.4, Indus. ve. 



*H Subjects - Use available evalua+ed course- 
wa'-e to ac^■eve objectives specified for 
selected subject areas (see Section IH - 
Sottwa^-e^ . 

Social S*j(1ies - Grates 5, 6 - Use a word 
processor to develop so'ne of the Cnmmjn i cat .on 
stdls specified unde^ "=ar+ , c i pa* ^on Skills". 

Language Arts - Grades 4, ^, 6 - Use s word 
processo" to w'-tte — ^i i-organized 
paragraphs, apply p-'cjot'-eadi ng y 1 1 i s w th 
mcreasng conpeteicp , Di-eDa-e asi-nple 
biMiograDhy acknowledging aj + hor, title — 
of book. 

2.? 

Social Studies - Grades l, ^, 6 - Develop 
some o* the ^oap dec ' s lon-mak i ng skills 
spec tied under "Participation SUlls" when 
rs*abllshing scheduling and safety rules fo^ 
compu+er use. 



Figure 10.1 (continued) 
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Topic 3: How to make computers work for you 

Goal. To have students appreciate that effective prob1enn-so1 ving 
with computer systems requires the application of logical 
thought processes and develop the skills required for a 
holistic, systematic approach to problem-solving. 



DIMENSION 
STATUS 



GRADE 
4 5 6 



SUBJECT CORREL*TtON 
SOCIAL STUDIES/LANGUAGE ARTS/><*ThEMAHCS 



The 5+udent wi 



FOLLOW AN 
ORDERLY SEQUENCE 
OF STEPS TO 
DEVELOP A 
COMPUTER PROGRA'^ 
TO SOLVE A 
PARTICULAR 
PROBLEM 



3.^ 



Recognize that 
a oo'^uter 
progran Is an 
ordered series 
of instruct lOrtS 
that a I I ows a 
conpu+er to 
perform tasl'S. 



Order spec I f • 
steps m a 
procedure to 
BCC0"ip 1 1 sh a 
tasJ', 



F I nd and 
correct errors 
In a procedure 
to pe''forn a 
tasi* . 



3,4 Crea+e and save 



3,3 



CO'^iJ*er 

progran. 



Check co«%uter 
Ou*pJ* to 
ensure results 
are reasonable. 



3.1 - 3,*^ 

Math - Graces 'I, ^, 6 - ApDly prob 1 e-^so I v i iq 
Strategies +o create a slmpi* conputer p-oT'a-i 
that solves a word proble"" specif tefl n onf> of 
the Prescribed Resources, 
QP 

Use +^e L^OO langjagc to facilita+e proMe-n- 
solviiQ fo a*fa.n the specified Geo'^*'-y 
o^Jec* t v'es , 

OP 

Use tSe 1.0GO language to*" Enrichnen* and 
Extension "^o^ic Net*or-s, 

3.2 and 3,3 

Languagp Arts - Grades 6 - Denons+rafe 

groi**»i in thought processes bv perceiving and 
comprehend I ig mcreaslngW complex spo^cet and'' 
or \ I lustrated, sequencp, 
De^^ns+'a+e groirf+'-i 'i thougt* processes 
perceiving and ccw^iprehend i ng increaSfiQly 
cof^P lex w 1 tten and^or illustrated, seau«nce, 
Demoistrate g om-^-b in thoug*'t processes hy 
expressing orally mcreas'igly complex: 



sequence. 

Demonstrate grom*^ 
exp-essmg m ijrtti 
seoue'^ce. 



thoug^t processes by 
I ncreas ngi v con>n lex 



Language Arts - Grade' 1, ^, 
increas'iglv co^piex n^+oria 
evalua+e or judgp > 1e?><; 



6 - Rea-i 'vte 
c it ica I I / 



Figure 10.1 (cofituuwd) 
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Topic How computers are used and what they can and cannot do 

Goal: To have students appraise the applications, limitations 
3' ' capabilities of computer. 



OBJECTIVES 



The student Mill: 



DESCPIRE THL 
BASIC APPLlCf- 
TIOJS, LIMITA- 
TIONS, 

CAPABILITIES OF 
COMPUTERS , 



4,1 Ident I fy the 

areas I n soc i e+ y 
where cc^u+ers 
are used (e.g. 
ban-' I ng, 
manu * actu*" • n g , 
traf spo*"ta+ ion, 

recrea+ lor, the 
hone, the 
I I tJ'-ary, 
out I I sh ng, 
crea* > ve a^ + s , 
edocn* ion ^ . 

4.? Identify the 

tesxs oe''for»^f' 
by C0'*'Du+e-s in 
these areas. 

4.3 Recognize th^t 
con9j-*ers cannot 
"thi-Hr" in the 
wav we normal 
use the wo-d 

"th 1 np<", 

4.4 Recognize that 
there are a 
number of ttiinqs 
computers cannot 
do sjch as nai'e 
value judgeme'its 
and prov 1p 
at'bwe^s to eve-y 
quPst I on . 



4,^ 



D I MENS I ON 
STATUS 



Desert be tSe 
s imi I a'' 1 1 les an'l 
di f f erences 
between 
coi^puters \n 
t iction and rea 
computers . 



GRADE 
4 5 6 



SUBJECT CORRELATION 
SOCIAL STUDIES/LANGUAGE ARTS ^MATHEMAT ICS 



4.1 anrj i,2 

Soctfll Studies - Toric 4A - Inautry Ouestion f 

6. How has technology assisted in the locat.on 
development and use o* natjrfll resoj^ces n 
A Iberta"* 

- Tor-C 4" - l-iQgiry Oups*ton 7; 

7, What are some ways in wh,ch lifes+vles toda,* 
dttfer ff-on jifes*/les dj-mg the sett tenen 
era, the Grea* Depress ton aid World Wa- ii' 
Are there dtfterencps m such areas 
employment, leisure time activities, 
education, and avaiiahijity ot material 
goods'' 

- Topi; 4C - Inquiry Question 4* 

4, Wha* transportation ail communication tin^s 
are used to connect Alberta to the rest o* 
Cana-l3 anij the wcy-ld** 

Language Arts - Graces 4, ^ - 
Demo-istrate yo-^h m thoug^it orocpsses h, 
perceiving and comprehending i ncreas i -lo I v 
complex written and/or illustrgte-i 
descriptions, exol9na*ions, sum-^^rles, 
compa-isons Read a widening va-iety ot 
material sjltghle to grade (four, five, stK) 
in the *ol lowing forms- report^ intervie*. 

Note. Compa'eile Langu^gp Arts oh lect i ves a^e 
also specified for L isten i ng 'V ng, Soea^ i ng 
and Wr,ting I i Is. 



1.3, 4,4 and 4,« 
Language Arts - Grade*; .., 6 
Read increasHglv complex mn*erial citically 
to evaluate nr judgp 'de;is: d i scr i mi na* . ig 
fact from opHton, fiction f-om non-fict,©", 
re'evance from Irrelev^icp. 



Figure 10.1 (cnutimwd) 
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Topic 5 How computers affect society 

loal: To have students assess the current and potential impLc: 
of computers on society. 



OBJECTIVES 


Oi MANSION 


GRADE 








STfTUS 


4 


5 


6 




SOCiAL STUDIES/LAM^JAOE AO^s /MATurMA^ , r 5 


The 5*jdei* will: 














fPPRETM'^E THE 










5,1 


anH •>,T 


IMPACT 'X*"=J'E'^5 










Social S + 'j-l^es - "'or c 4* - t^au 'v Oiies*o- ^: 


CAN Hf;E OJR 










6, 


How has tec*" nolcgv ass's^e'' t'^e loca* 1 on , 


LirES^fLt , 












deve i op'^pf'* aid use 0* na* j ra 1 resou- ce^ t ? 














A t^ie-ta'' 


5.' Oesc'iSe ^io» a 


'-' 






X 




rtr r 4f^ - 1 ITiii'-v/ 0 1 lOc * 1 -\«- c 7 an 0 

^ J U V V J"b 13b a n n 3 


co'^c.^*'c can 










Pa 




fl**ec* ^K^' 










7 ^ 


W»-;i* 3'e 5T"P C*" li*es*/iPS ♦o'Ja/ 


he'se 1 * as ' 












Cji'fer '-orr ;if^e;*^|Oc: -jijrin^ +>■ p ^p* + i e'^p"*' 














c^a ^he ^^e^** D^^^css'o^ a*^*^ ^o^i*^ ^a^ II, 














A-e ♦he-e d *^e-eicps - sj^*^ a-pas 














c^c 1 0^'^°''* , le'^vj""? ♦ 1 -^p a-* V ties. 


cons j-^-, 












e'Jjd*!^'" ai^ av3 ^a^||l*v' a* f^a+e- ai 


























e. 


Wa+ Ti,-;'-* ii^e "v* it^'e *o'^?,'s ^-a-'e 














foj'' s*jflp'*s a-e a'*j'*=;'' t'i-;'-* ^hp>-e V 




J 






t 




3'^'^ **e'P''* ir 1 riHe; OC C J 1 5 * 1 C« ' s , 


a leop'' 












leisj-e ti'^p fi"*iy'tie<: a'^'* *a*s to ip*'-'^ 














new s*- tils' 


mis+a-es" are 


























Oo'i'^j e**p':*i/p / b. cya'l / pxD-ess'ir] 


•^aie oe"^: 'e. 












oc ito"5 a^'Tj* the JSP 0* an-" le^sj-e 












2. 


ln+e-[3''et i-leas Pi^'t fepiinas o* a*''^e's b,' 




U 










(Je'v>ns+ra+ 1 ng ai jo iprs + 3r> -< 1 '^g 0' jiffe'en* 


c'>''CJ*e-s afp 












decisions nade atJoo* adjus+'^e'i* +0 c^^ai^p 














8+ +se oe^soi^ai leve'. 


des 5"^*^ a-"* 














oc*>-atei by 












'''OD c " Inauiry Oje5*ions i ai'^ 


hu'^ans to as',! 5"* 










4, 


Wha* t-ansoortatio'^ aif^ co'^'^jn i ca* < o' Ji-^i's 


1 fnai / tas' s » 












are use-l +o comet* Alberta to the res* o* 














the WO'IJ' iZor^i'^B^ S'" , rail, '"e'' » 














net«(or f* s , te 1 eto'^'^j - 1 ca* i ons , e+c , ^ 












7. 


How a-e Aitjer^^r-^ a**ecte'^ by the 














"shr 1 Ik 1 nq" ia*jrp 0* the m-ie-i^ w^" 1 d'' 














■^Or'C V - Ingui-y Oue<:*'Oi" f-'l 












6. 


What torn? e^^ilov^e^t are associate'* w+i 














resTj^ce ievPiODneo*'' 














Tor C - t'lQiJ ry OuP'^t Tr 4 












4, 


W^^at a'e so'^p d* thp inkg-je? tha* 














ex st toda/ be*ween Canai^ ai,-' the Uniteil 














States'* Cc^sMe- ero'-T^ c, ooi-^irai, anl 














cu t tura ' a* ♦ a -s ^ 




HOlJ'S 


n 
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«gUreiai (continued) 



teachers have knovvled&^nh ^""'^"^"'^ '"ake it critical thTt 
cannot i^ore corn^J^l^XZ 1 ^-i^ 
novations like educational televi 3 ^ '"^^ ^^^'^ done with in- 
csely because the drive for useT P'"°^^"^ed instruction n " 

thus the ta. base) x :nrr'^°'"^^ ^h:r:e 

previous instances of ^^^^ "^''^^ P-^essionals.Tn 
themselves having to justify to the c^, ^'^^'^^ers found 

bespent onacquiringthatLov n th ^^^'^ 
t-chers find the„,selves in the pos^n j h' "''"'"---Puters, 

of why the innovation is J, S ° h'?^ ques- 

teachers fo find unrequested milr^l f ' " ""common for 
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THE STUDENT 
WILL BE ABLE 
TO ... 



PROGRAM 
OBJECTIVES: 

1.1 Inttract 
with a computtr and/or 
othtr titctronic 
davicas 



1 2 Explain 
the functions and usob 
of a computer systo") 



1 3 Utilize 
systematic processes 
in problem solving 



1.4 Appreiae 

the Impact of computer 
technology upon 
human Ufa 



Computer 
Literacy 

Demonstrate Understanding of the 
Capabilities, Applications, and 
ImplicationG of Computer Technology 



INSTRUCTIONAL 
OBJECTIVES: 

1.1.1 Demonttrate ability to operate 
a variety of devlcee which are 
baaed on electronic logic. 

1.1.2 Demoriatrate ability to use a 
computer in the Interactive 



9101112 



1.1.3 Inctependently select a program 
from the computer resource 
library 

1.1.4 Recognize user errors 
associated with computer 
utilization. 



1.2.1 Use an appropriate vocabulary 
for communicating about 
computers 

1.2.2 Distinguish between Interactivs 
mode end bstch mode 
computer processing 

1.2.3 Identify s computer systsm's 
major componenta such as 
Input, memory, processing, and 
output 

1.2.4 Recognize taalts for which 
computer utilization ia 
appropriate 

Deecribe the major historical 
deveiopmenta In computing. 



1.3.1 Choose s logical sequence of 
steps n eeded to perform e tasic' 

1.3.2 Diagram the stspe in solving s 



11.3 Select the appropriate tool and 
procedure to solve e problem. 

11.4 Develop systsmatic procedures 
to perform useful tasks in 
eraes such ss social studies, 
businees. eclenoe. and 
mathematics. 

1.3J Wrtte simple prr^rcji.Mo eolve 
problems u»>''^ a high^evel 
languagv such aa PILOT. 
U)QO, and BASIC. 

1.4.1 Identify apeclfic uees of 
computers In fislds such as 
medicine, law enforosment, 
industry, businsse, trsnspoda- 
tlon, govemmsnt. banking, and 
space exploration. 

^A2 Compare oomputer-rslated 
oocupetiona and caresrs. 

14.3 identify socisi snd other non- 
technical factors which mi^ht 
reetrtct computer utilization 

14.4 Recognize the ccnaequences 
of computer utilization 

1.4.S Differentiate between 

responsit>le and irresponsible 
uses of computer technology 




Figure 10^ U.S. Department cf Def-^nse Schools' Computer Literacy Sequence 
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THE STUDENT 
WILL BE ABLE 
TO... 



PROGRAM 
OBJECTIVES: 

2 1 Write structured 
and documented 
computer software 



2 2 Demonstrate 
knowledge of the 
design and operation of 
computer hardware 



2 3 Use computer 
systems m problem 
solving 



Computer 
Science 

Demonstrate Understandings of 
Computer Systems Including Software 
Development, the Design and Operation 
of Hardware, and the Use of Computer 
Systems in Solving Problems. 



INSTRUCTIONAL 
OBJECTIVES: 



2.1 .1 Write welNxQAnlzed BASIC 

programs which Include the use 
of color, sound, «r>d graphic 
statements 

2.1 J2 Write programs which demon- 
strate advanced programming 
techniques used to solve 
problems In business, scientific, 
or entertainment applications 

2.1.3 Write programs >n an additional 
high-level language such as 
PASCAL, COBOL, Of FORTRAN 

2.1.4 Write programs in a low-level 
language such as nrmchlne 
language or assembler 



2.2.1 Demonstrate unassisted 
operation of at least two 
different configurations of com- 
puters and their peripherals 

2.2.2 Use a special-purpose computer 
or computer-lnterfeoed devices 
to monitor or control events by 
sensing temperature, light, * 
sound, or other physical 



2.2.3 Describe the computer's digital 
electron'c circuitry In terms of 
binary irlthmetlc and logical 
operators 

2J.4 Perform vendor-authorized minor 
maintenance on the computer 
system 



2.3.1 Use data processing utilities, 
including word processing «nd 
data base management m 
problem solving 



2.3.2 Translate software from one 
language to another or to 
#nother version of the same 
language 



2 3.3 Analyze different solutions to 
the same problem 
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about computers than any of the teachers in that school. This, too, is 
a departure from previous innovations. This is going to create a de- 
mand from the students that their teachers become computer-Hterate. 
The students are going to develop their own expertise because they 
have access to equipment at home, and the students' hunger for in- 
formation is going to force teachers to gain equivalent information 
for them? ' 'es. Fortunately, it is possible to let students teach other 
students for a while, but ultimately teachers will need to gain enough 
expertise to forestall serious negative consequences of students' in- 
vestigating sensitive areas (e.g., illegal copying, gaining access to pre- 
sumably protected data bases) without adult supervision. 

Too, in order to develop ethical computer behavior among stu- 
dents it will be necessary for adults to model such ethical behavior. 
Tliis is not possible if adults are constantly relying on the students for 
all of the technical information. Students then would have to simul- 
taneously generate their own svstem of ethical behavior. It is doubtful, 
especially at the elementary school level, that this will occur, at least 
in ways that are satisfactory to adults. 

From the students' perspective, computer literacy is necessary if 
they are to become successful in the world into which they will grad- 
uate. Presumably, gaining adequate familiarity with computer tech- 
nology will take time, and students will need to begin early to 
investigate computer tools (e.g., word processing), if they are to be 
comfortable with the full capabilities of those tools. 

One of the dangers of current trends in computer use is that it seems 
to be becoming a male-dominated domain. In other areas, such as math- 
ematics, the development of this perception occurs most intensely in 
about the junior high school vears. If this is to be avoided in the future in 
the area of computer use (as indeed it must be), then familiarity with 
computer tcchnologv needs to be developed in elementary school years. 

HOW DO TEACHERS DEVELOP 
THEIR OWN COMPUTER 
LITERACY? 

Developing one's own computer literacy is, even under the best of 
circumstances, a time-consuming task. The options that are available, 
however, arc like those open for any kind of professional development. 
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If possible, the best time to develop expertise is during the teacher 
preparation program prior to the point of entry into teaching. It is 
necessary, of course, to update ihe infomiation acquired in this way 
at frequent intervals, but it is much easier to update information than 
to build knowledge from scratch. 

Teachers already in the field do not have this convenient option. 
They must build computer literacy often from a base of no prior 
experience either with computers or with computer applications. 
These people have three choices: (a) take advantage of special in- 
service courses or workshops offered in their districts, (b) enroll in 
graduate courses at local colleges or universities, or (c) gather infor- 
mation on their own through talking with colleagues, reading, and 
attending professional meetings. 

Many school districts are organizing special programs on com- 
puter literacy for their teachers. These range from an hour or two of 
conversation to several weeks of meetings with hands-on experience 
with microcomputers. Most of these are designed to provide only 
initial exposure ' i the concepts of computer literacy, and the prospects 
for follow-up, either through providing more detailed information or 
through actual use of computers in the classroom, are typically small. 
Thus, these programs are likely to whet the appetite but are not likely 
to pronde the depth of knowledge that many teachers will ultimately 
need. 

Colleges and universities in the U.S. and Canada are now beginning 
to develop special courses for teachers on the use of computers and 
microcomputers. Some of these courses are programming courses for 
teachers, while others are courses on the use of computer-assisted 
instructional materials or computer-managed instructional materials. 
The educational programming courses typically have fewer prereq- 
uisites than ordinary computer science courses and deal with the 
writing of programs that teachers might find useful in classroom 
situations; they may also be based on computer languages that are 
especially appropriate for school-age children. Because of the huge 
demand for technically oriented or business-oriented corpputer sci- 
ence classes, it is probably necessary right now for special classes to 
be set up for teachers. However, the disadvantage is that teachers do 
not get the cross-fertilization that comes from interaction with people 
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with different perspectives. In the long term this may be a serious 
disadvantage because school-age students are going to want to know 
about those other uses of computers. Without some exposure to those 
applications, teachers might find themselves inadequately prepared 
to deal with the concerns of their students. 

The last option of trying to gather sufficient information on one's 
awn is not recommended for most teachers as the way to develop 
adequate knowledge of computer literacy. Computer technology is a 
technical field, and it is difficult to get very far in developing under- 
standing without some guidance from someone who possesses at least 
some of that technical knowledge. Most teachers will find that gaining 
entry to this information will be considerably easier if they work with 
someone who is comfortable with the information. Once entry-level 
information is acquired, then reading professions' literature and at- 
tending professional meetings are extremely productive ways to stay 
abreast of the field. Because computer technology is changing so rap- 
idly, it is difficult to stay current. Most articles in journals, for example, 
are already out of date by the time they are published; the lag time 
needed for preparation of the manuscript is too great. Presentations 
at professional meetings are much more likely to contain the most 
recent information. 

Too, as with most areas of in-service education, in talking to 
colleagues it is extremely comforting to find out that one's own dif- 
ficulties in dealing with computer literacy (or the teaching of computer 
literacy) are not unique. Others' solutions to these difficulties can be 
discussed and then applied to one's own situation. 



HOW DO TEACHERS HELP 
CHILDREN DEVELOP 
COMPUTER LITERACY? 

One way to assist children in becoming computer-literate is to develop 
special curricula for use in a particular school. This is probably only 
a stopgap method of filling in the lack of information among students; 
students are not going to deal with computers in the real world as a 
separate entity. Rather, computers are going to be integrated into 
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most of the activities that people engage in. Teachers, therefore, need 
to take a longer-range look at the needs of their students. 

Bell (1982) has presented one accepted approach to taking this 
longer-term view. He argues strongly against the "buy it (i.e., com- 
puters), find a place to put it, figure out what to do with it, then find 
people to do it" approach that is all too common in dealing with 
microcomputers (p. 170). Instead, he outlines several steps for a more 
orderly and probably much more successful approach. 

First, plan for the use of microcomputers and computer literacy. 
The planning group should contain people who have experience vvith 
computers and computer literacy (perhaps from outside the school 
district), people who are familiar with the functioning of the local 
district (e.g,, teachers, administrators, and physical plant operators), 
and people who will have the responsibility to implement the pro^r/im 
that is developed. Of importance to this planning are the opinions of 
parents on the ways that computers should be used and the opinions 
of students on what they would like to learn, or believe that thev need 
to learn, about computers. The program will need the support of the 
local community in order to be successful, and attempts should be 
made to secure that cooperation before the program starts. Also be 
sure that plans are \artually complete before beginning. Don t try to 
implement a program piecemeal, with only some of the areas covered. 
Problems arc much more likely to develop with this approach. 

Second, gather information on the ways that computers can be 
used, and decide how they will be used in the local situation. This is 
probably the most important step, for it is this decision that will 
determine the structure of the local program. This decision will drive 
the choice of the equipment, the amount of equipment needed, and 
the nature and extent of the teacher in-service required. 

Third, select tl-- types of hardware to purchase. This choice will 
depend on many factors: (a) the ways in which the computers arc to 

used, (b) the current state of available equipment, (c) cost, (d) 
the amount of available resources, and (e) the number and kinds of 
peripherals needed. Of these, the most important consideration is 
probably the first. If there are giving to be multiple uses of the equip- 
ment (and there almost certainly will be), then several kinds of mi- 
crocomputers may need to be purchased. The state of current 
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technology does not allow for a single machine that is capable of 
handling all possible applications of computers. 

Obvious caveats to observe in choosing the equipment are: Don't 
buy the cheapest machine just because it is cheap. Frequently the chea- 
pest model will be cheap because some shortcuts have been taken. 
Either the power of the machine will be relatively less than other ma- 
chines, or the service needed for repair and troubleshooting will not be 
available. Also, don't buy a machine with all the options just because 
they are available. The appropriate analogy is found in the purchase of 
a new car. A buyer doesn't get all the options just because they are of- 
fered. Rather, a buyer selects those options that are going to be useful 
and ignores those that would only be expensive to buy and to maintain. 
The same should be true for computer purchases, and the decision on 
how the equipment is to be used will become the most important start - 
ing point in consideration of computing in the schools. 

Don t buy the bottom-of-the-line model. These machines are the 
"come-ons" of the computer market and are designed to entice first- 
time buyers who have no real purpose in mind for using the equip- 
ment. In virtually all cases these machines are not powerful enough 
to be effective in school settings. Most educational software, for ex- 
ample, requires more memory than these bare-bones machines have. 
However, if a decision is made to approach computer literacy through 
programming in BASIC, then it is possible that some of these minimal 
machines would be a good investment. Thev are usually very inex- 
pensive, and a school district could get a classroom set for little money. 
These machines then would have to be dedicated to the teaching of 
beginning programming; otherwise they might be considered only 
expensive toys. But the chance to be able to give lots of students lots 
of time with a machine is attractive. 

Don't automatically bir' all id?ntical systems. Again, based on the 
particular decision about the uses that are to be made of the computers, 
it may be necessary for some of the systems to be more powerful or to have 
more peripheral equipment. Be sure that the machines that arc bought 
will actually be able to do the work that needs to be done. 

Fourth, in setting up a computer literacy program try to measure 
the hidden costs in owning the equipment. For example, how wili 
service be provided? If the district has purchased enough equipment 
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(and what constitutes enoi'gh depends on thv kind of equipment), 
then it might be cost-effective to send someone from the district to a 
computer repair school so that service can be provided locally. If that 
is not feasible, then the district may want to purchase service contracts 
for the equipment. Another kind of hidden cost is the paper, printer 
tapes, disks, and other miscellaneous supplies that are needed to 
operate the equipment. Too, consider the costs of buying enough 
software for use in classes if that is one of the projected uses. And 
figure the costs of security for the new equipment. Finally, consider 
the costs of upgrading the systems as the level of skill nf the students 
and teachers increases and as the kinds of uses for the equipment 
change. This particular item is frequently overlooked in figuring the 
cost of the initial purchase. 

Fifth, an associated consideration is how mucM in-service will be 
required in order to make the program a success. In-service is expen- 
sive, in both money and time, and resource people must be available 
to lead the in-scivice programs. Someone must be in charge of the 
program, and that person may need released time or help from a 
non-teaching assistant in order to coordinate the program properly. 

Si>(h, where .3 :he equipment going to be housed? In order to 
supply adequate security it is probably best to have a single room set 
aside for the computers. Then keys for the room can be limited, and 
access can be better monitored. However, this procedure has the dis- 
advantage of determining a particular mode of use for the equipment; 
namely, whole classes are brought into the computer lab and use the 
machines together. This is fine for computer programming, but it is 
rarely the best way to use computer-assisted instructional materials. 
For that purpose it might be better to have machines on carts that 
can be moved around to the classrooms that need them. The trade- 
off, of course, is in providing security for those machines. Once again, 
the particular uses of the computers is the primary determining factor. 

CAUTIONS ABOUT 
COMPUTER-LITERACY 
PLANNING 

Two primary cautions need to be recognized by anyone who is plan- 
niP5 a computer-literacy program. First, be sure that the local envi- 
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ronment is well understood. Factors that need to be taken into account 
are the opinions and attitudes of parents, students, school board mem- 
bers, and local business people. Each of these groups has the potential 
for playing a significant role in any such program, and with their 
cooperation the likelihood for success is considerably greater. The role 
of parents, students, and school board members has already been 
alluded to, so it seems necessary here only to reiterate the importance 
of those groups. Local business people can also play a large role if 
they are approached carefully. Many businesses are willing to donate 
equipment or support for equipment. Others may be willing to provide 
real-world experiences, for either teachers or students, related to ap- 
plications of computers. One way to begin to obtain this support is 
to contact businesses during the plannin;^ stages to find out what they 
would like school graduates to know about computers. If the school 
district already has established relationships with businesses through 
cooperative education or other intern programs, computer-literacy 
teachers can often tie into that existing network. 

Second, be sure that the school can provide follow-up experiences 
for whatever program is developed. There is almost nothing more 
defeating for a computer-literacy progiam than to get students excited 
about the potential for computers and then not to have sufficient 
equipment and software available to accomplish those applications. 
For example, word processing holds considerable promise as a tool 
for improving learning, but providing enough machines for students 
to take advantage of this application is quite exp)ensive. Using a word 
processor is effective only if each user has adequate access to the 
equipment. This equipment need must be considered before a school 
decides how many, and which, students should be taught to use a 
word processor. Other applications of microcomputers will also carry 
with them some kind of expense. These expenses should investi- 
gated before a decision is made about which students will learn those 
applications. 



CONCLUSION 

Computer literacy is important for the remainder of this century. In 
spite of the differences in definitions of computer literacy, the trend 
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now seems to be toward utilization of computing power as the central 
core of the idea. The trend will likely set the context for computer- 
literacy programs for at least the next decade. 

Schools will have to invest some of their resources in developing 
computer-literacy programs. However, there is a lot more to starting 
such programs than buying equipment and telling teachers to use it. 
With care, schools can be successful and can satisfy the needs of 
teachers, students, and the community. Planning is the key. 
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Microcomputers can play many supporting roles in the elementary 
school. These include managing students in individualized programs, 
maintaining grades, generating tests or worksheets, and performing 
administrative functions. Although the focus of this book is on in- 
structional uses of microcomputers, the power of these machines in 
easing administrati^^e burdens should not be overlooked. After ad- 
ministrators become convinced of the usefulness of microcomputers, 
it is often easier for classroom teachers to obtain the necessary insti- 
tutional support for purchase of microcomputers for instructional 
uses. 



COMPUTER-MANAGED 
INSTRUCTION 

The use of microcomputers to maintain students' records and se- 
quence students' activities in an objective-based program is usually 
referred to as computer-managed instruction (CMI). In a CMI pro- 
gram supported by a large computer the testing and some of the 
instruction may be performed directly on the computer, so the records 
are typically maintained automatically. On a microcomputer some of 
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the records may have to be entered by the teacher or a teacher's aide, 
since there may not be enough computing power to do all of the jobs 
automatically. 

The primary difference between CMI and CAI is that in CAI t}ie 
computer administers instruction to a student, and in CMI the com- 
puter determines what the instruction is going to be. That instruction 
may be administered through CAI, print materials, film, tutoring, or 
any of many other formats. In short, a CMI system does not itself 
con(^uct instruction; it only prescribes instruction. 

In CMI records are maintained in the r microcomputer about the 
objectives that a student has mastered or the activities that have been 
completed. An algorithm, written by the program author, is used to 
determine which activity the student should work on next. If students 
experience difficulty with that activity, they can be cycled back through 
activities that will help fill in the background that may be lacking. 
This type of system relieves the teacher of some of the detail in re- 
membering the status of each student and in continually making 
decisions about students. Too, the computer remembers every deiail 
about every student equally well, so decisions are based on complete 
information stored in the computer. A teacher might, at any given 
time, not remember some particular detail about some particular 
student, and consequently the teacher's decision might not be com- 
pletely appropriate. The computer's decision, on the other hand, 
should be appropriate. 

KEEPING GRADES: AN 
EXAMPLE OF SPREADSHEETS 

A microcomputer can easily act as an electronic gradebook, both for 
attendance and for maintaining grades on tests and assignments. At 
the end of the grading period the computer can automatically average 
the grades according to whatever formula or weighting system the 
teacher chooses. Tliere are several gradebook programs that are very 
easy to learn to use, but more general spreadsheet programs, like 
Visicalc, could also be used for this purpose. The choice ol program 
would depend on whether the teacher wanted the program to serve 
more than one specialized use. 
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1. Adding grades 

2. List student's grades/names 

3. List class averages (& sort) 

4. List results of an activity 

5. Make class roster 

6. Hake corrections (class/student) 

7. Delete grades and/or names 

8. Turn printer on/off 

9. Make letter grades (end of term) 
10* Change/view grade weightings 

11. Use a new class data disk 

12. Er3 

Figure 11.1 Pnmary options 
From Apple, Gradehook Manual^ page 3. 



One example of a gradebuok program is Apple Gradebook. This 
program provides several standard options for keeping grades (Figure 

11.1) . Options 6, 7, and 9, in turn, each have several suboptions (Figui e 

11.2) . Each function that the program allows puts its own prompts 
on the screen, so a computer-literate teacher can learn to use this 
program in relatively few minutes. 

The use of multiple menus to present different sets of functions 
is very common in utility programs like gradebooks or word proces- 
sors. The menus allow the programmer to present all the relevant 
information a user needs at any given moment, and they allow the 
screen to be kept uncluttered. The user then does not have to refer 
constantly to a reference manual, so use of the program is easier and 
more efficient. 

A gradebook is one example of a use of a more general utility 
program called a spreadsheet program. A spreadsheet allows a user 
to make projections or to do calculations based on potentially changing 
data. Spreadsheets were originally designed for business applications, 
but they do have some applications in the classroom. They can help 
students learn to plan ahead and to ask appropriate questions. Spread- 
sheets allow users to predict how the world might be under hypo- 
thetical conditions; the key in using them effectively is to be able to 
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This module is entered by choosing option 6 
(Make corrections), in the main menu. When you 
first enter this module , you are given the 
following choices: 

1. Add a new student. 

2. Delete a student. 
3« Change a grade. 

4. Correct spelling of a name. 

5. Add a new class. 

6. Return to main grade book menu. 



DELETTQM MOnHLE 

As stated previously, this option is used to 
delete classes, a set of student's grades, or all 
students' grades, when you choose this module from 
the main grade book menu, the following will appear 
on the screen: 

1. Delete all grades, and student's 
names. Enables you to start with 
new classes. 

2. Delete grades of students only, used 
for a new term with the same students. 

3. Delete only one class. 

4. Delete one set of grades. 

5. Return to main grade book menu. 

6. Quit 



END OF TERM ^QD\}\^r, 

With this option you can obtain a histogram of 
student's grades and convert student class averages 
to letter grades. When you choose this option from 
the main menu, the following new menu will appear 
on the screen: 

1. View student averages (ranked by 
grades) . 

2. View histogram of student averages. 

3. Convert student averages to letter 
grades. 

4. Turn printer on/off. 

5. Return to main menu. 



Figure 11J2 Suboptions 

From Aj)|)lfi Cinidrlxxyk Mamutl^ pages 7-10 
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structure the range of hypotheses so that the predictions are 
meaningful. 

For example, a spreadsheet might be used to plan a school party 
by projecting costs and needs for various combinations of younger 
and older students. They can also be used to ask "what if questions. 
How long would it take to save a million bottle caps if every student 
collected five bottle caps per day? If grades 1-3 students collected two 
bottle caps per day and grades 4-6 students collected six bottle caps 
per day? If students only collected bottle caps on the weekends? 

Although there is much potential in using spreadsheets, the ad- 
vantage for learning is only beginning to be investigated. Much more 
experience in classroom use is needed. In particular, because use of 
spreadsheets involves some symbol manipulation skill, how can ele- 
mentary students be best introduced to spreadsheets? It was not ui.til 
about late 1985 that simplified versions of spreadsheets, suitable for 
use in elementary schools, were introduced commercially. Teachers 
need novv to get copies of these programs and try them out with 
students in their clas^^s. 



Microcomputers are very good at remembering information accurately 
and completely. One type of application of this capability is in main- 
taining a bank of test items. As good items are developed over the 
course of several years, they can be saved on disk. When enough items 
tor particular content have been saved, multiple forms of a test can 
be created by randomly selecting items that test that content. In *his 
way, students can each receive different forms of a test, or a single 
student can be given the option of multiple testing, with different 
tests covering the same content. This is particularly important in a 
mastery learning situation when it is essential that multiple testing 
be allowed. 

Some commercial programs that are now being developed and 
published provide the items for particular content, but teachers can 
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also begin to develop their own item banks, either individually or 
collectively. Items can be tested with students and altered as 
needed, and they can be modified at any time to adjust to changes 
in the curriculum or in the backgrounds of the students. For exam- 
ple, an item bank on computer literacy in 1985 would probably 
need considerable alteration by 1990, just because the computer ex- 
periences that the students will bring to school by that time will be 
much different. 

Brown (1982) described one locally developed test bank, run on 
a minicomputer, for junior and senior high schools. It contains over 
64,000 objective test items, selected from more than 300,000 and 
classified by Library of Congress codes. A user can request a test of 
a specific number of items on a given topic or topics, and the test 
will be printed out. Students can also access the test bank through a 
quiz routine for purposes of study, drill, or just enjoyment. 

Multiple forms of worksheets on a given topic could also be pro- 
duced from item banks. The exercises could be randomly selected and 
printed out. A ditto master could be made from that copy, or multiple 
copies could be printed out directly by the computer. 

A slightly different approach is for the teacher to enter a set of 
exercises into a worksheet-generation program and then have the 
computer randomly order the items to produce a different version for 
each student. This requires more time from the teacher each time the 
worksheets are made, but it saves the time needed to maintain the 
item bank. If worksheets are going to be only infrequently generated 
by computer, this might be the better way to proceed. Too, it'is slightly 
more flexible in terms of the particular exercises to be included on 
the worksheet- 
Computer programs for generating crossword (or crossnumber) 
puzzles and for word-search puzzles are also available. These pro- 
grams accept the words and definitions, or just the words for the 
word-search puzzle, and then arrange them in a predetermined cross- 
word template or in a grid of letters. For example, the following word- 
search grid was generated by a computer program. The program 
prints the grid, and it also prints a key to use if desired (Figure 11.3). 

Test-generation programs are examples of a more gener-.) type of 
program, called a data base program. A data base acts like an elec- 
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Figure lU Word Search Grid 
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tronir card file, with the computer being able to search for any in- 
formation requested by the user. Students can create their own data 
bases of interest; for example, personal favorite items like movies, TV 
shows, spores teams, etc. Searching can then be done and students 
can make summaries of the information found by the computer. 
Organizing and crea ting graphs of these summaries becomes a natural 
classroom activity. In a unit on world geography a data base could 
be made of information on countries; for example, land area, popu- 
lation, type of government, major industries, major exports. Students 
then could ask the computer to find all countries that have fewer than 
fifty million people or that export oil. 

Educators at all levels are just beginning to imagine how to help 
students deal with vast quantities of information. Learning to use data 
bases by asking the right questions at the right time will undoubtedly 
be an important part of coping with this information. We need much 
more experience, however, in knowing how to provide appropriate 
help to students in this process. 



NETWORKING 

Networking is one of the computer uses that is still relativel far away 
for most schools. Networking means having computers com -^ted to 
each other, either in a local setting (e.g., a computer lab) or i lung- 
distance settings (e.g., over telephone lines). Information can tl ^n be 
shared among the connected computers so that users can talk directly 
to each other thi'ough their computer screens. 

The problem for schools in implementing networks seems to be 
in having enough hardware to dedicate to the network, for networked 
computers are less easily transportable. Networks are beginning to 
appear, however, both in large urban school districts and in single 
buildings. The chore now is to leam how to use the networks to 
enhance leaming. 

The primary advantage of using a network would seem to be the 
ability to communicate with all users at all times. Students can very 
easily get help from each other as well as from the teacher in a network 
environment. Research on peer teaching may provide some insight on 
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how to proceed in using networking to improve learning. However, 
teachers should refrain from rushing too quickly into this relatively 
sophisticated application of computer capabilities. Just because net- 
working can be done does not mean it will be a useful technique for 
every school. 



CONCLUSION 

Many teaching chores can be made easier through use of computer 
tools. The time saved miglit be spent by the teacher in providing more 
individual attention to students, thus making the classroom environ- 
ment more personal. Simultaneously, teachers will learn to use com- 
puting power in their everyday professional lives. The attitudes that 
they develop about the uses and misuses of computers will provide 
valuable material for their teaching of attitudes to students. Teachers 
who are comfortable with computers are more likely to have students 
who are similarly comfortable with computers. Comfort with com- 
puters is ont of the most important legacies for today's students. 
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Microcomputer games {continued) 
fantasy situations in, 44, 45, 50, 
54 

free-form, 43 

instructional objectives, 42, 45, 
50 

in intermediate grades, 46-48 
motivating effect, 53-54 
open-form, 43 

post-instructio lal level, 43, 53 
pre-instructiciial level, 43, 46, 
50-52 

in primaiy grades, 45-46 
problem-solving, 43, 46, 47 
repetition in, 44 
research on, 48, 50-54 
rigid-form, 43 
simulation, 43 
software: 

Fish Chase, 46, 53 
Flashcard Baseball, 45, 54 
Four Jitter Words, 47, 49 
Golf Classic, 48, 51 
Hangman, 16, 53 
Jar Game, 46, 47 
Mastermind, 51 
Teasers by Tobbs, 45, 47 
uses of, 44, 46-47, 54 
winning vs. learning, 45 
Microcomputers, uses 
computer-managed instruction 

(CMI), 175-176 
creating tests and worksheets, 

179-182 
keeping grades, 176-179 
networking, 182-183 
spreadsheet program, 177, 179 
Minnesota Educational Computing 
Consortium (MECC), 92, 93 
Mitzel, H. £., 6 

National Council of Teachers of 
English, 111 



National Council of Teachers of 

Mathematics, 93, 110 
National Institute of Education, 102 
Number skills, games for teaching, 
51-53 

PLATO, 40 
PRINT command, 90 
Problem solving, 10 
computer languages for, 116, 
118, 119 

in English, science, social studies, 
111 

in mathematics, 110, 125 

on microcomputers, 113-115 

nature of, 111-112 

research on, 126-129 

software: 

Bumble Plot, Gertrude's Puz- 
zles, Mind Puzzles, Rocky's 
Boots, 114 

Recursion, 125-126 
Resources in Computer Education 
(RICE), 100-102 

School MLroware Review ^ 93 
Simulations, 55-69 

advantages of, 66 

attaining goal vs. learning, 59 

complexity of, 56 

decision making in, 63, 64 

defined, 55 

design of, 58 

how to use, 57 

in intermediate grades, 63-65 
measuring learning eflect of, 58- 
61 

objectives, 55-57 
peer interaction, 57, 59 
in pnmaiy grades, 61-63 
problem-solving aspect, 57, 61 
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research on, 61, 67-68 
software: 

Lemonade Stand, 91 

Oh Deer!, 64-65 

Sell Apples, 62 

Sell Bicycles, 63-64 
teacher evaluation, 57, 94 
teacher pre-planning, 61-63 
time required, 57 
unintentional learning, 57 
user-participation, 55, 56 
Software, 5, 8 
cost of, 108 

for drill and practice, 17, 25 
effect of illegal copying, 106-108, 
167 

evaluating, 11, 87-108 
appropriate use of computer 

capabilities, 89-91, 93 
appropripte use of graphics 

and sound, 90-91 
instructional design, 89, 93 
for instructional goals, 88-89 
protection from abuses, 91-92 
recorded evaluations, 100-102, 

108 

teacher evaluators, 87, 94, 100, 
108 

evaluation forms, 92-94 
modes of presentation, 22 
ior problem solving, 114-115 

Software reviews, 100-102 

Spelling, 53, 134-135 

Spreadsheets 

example of, 176-179 

use in classroom, 177, 179 

Summary feedback, 19, 20 

Teaching for understanding, 110 

Technology 

evolutionary stages, 5 
computers, 41. See also Com- 
puter; Computer technobgy 



video-arcade, 41 

Tests, data bank for test items, 
179-180 

Tutorial programs, 27-40, 56 
advantages of, 28-29, 31-32 
appropriate content, 31-32 
bad and good features, 33, 36-38 
defined, 27 

diagnosing errors in, 76-77. See 
also Diagnosis of errors 

diagnosing misunderstandings, 
29 

evaluating, 38-39, 94 
hardware requirements, 30 
interaction with student, 38-39 
in intermediate grades, 33 
objectivity, 30 
positive feedback, 28 
in primary grades, 32-33 
remediation in, 77 
research on, 38-40 
science concepts, 31-32 
structure of, 29-30 
uses of, 30-31 
Typing skill, 133 

U.S. Department of Defense De- 
pendents Schools, 157 

Wheeler, M. M., 41-42, 51-53 
Word processing, 131-147, 173 

advantage of, 134 

creative writing and, 135, 141, 143 

defined, 131 

difficulties in learning, 146-147 
effects on writers, 144-146 
for elementary schools, 135-141 
embedding formatting commands, 
137 

fiinctions to look for, 132-133, 136, 
143 

goals of writing instruction, 134 
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Word processing {continued) 
instructional objectives, 134-135 
purchasing considerations, 140- 
141,173 

relevance of information, 146-147 
research on use of, 143-147 
revising, 135 
safety features, 136 
sentence combining, 141, 145 



stages in writing with, 133-134 
writing exercises, 141-143 

Word-processing programs, 10, 109 
creative writing via. 111, 114-115 

Word puzzles, 180 

Woifcheets 

drill and practice, 13-15, 17 
use of data bank for, 180 

Write One, 143 
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